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FOREWORD 

The  1980  C.B.  ANNUAL  REPORT  is  submitted  to  fulfill  the  requirements  of  Oil 
Shale  Lease  Number  C-20341  as  stated  in  Section  16(b)  of  the  Lease,  Section 
1. (C)(4)  of  the  Lease  Environmental  Stipulations,  and  Condition  of  Approval 
(No.  3)  of  the  Detailed  Development  Plan  issued  on  August  30,  1977.  This  re- 
port consists  of  the  following  volumes: 

Volume  1  -  Summary  of  Development  Activities,  Costs  and 
Environmental  Monitoring 

Volume  2  -  Environmental  Analysis 

Appendix  2A  -  Volume  2  Supporting  Data 
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1.0  INTRODUCTION  AND  SUMMARY 

1.1  Introduction 

The  Environmental  Baseline  Period  for  Oil  Shale  Tract  C-b  covered  the 
period  from  November  1,  1974,  to  October  31,  1976.  Results  have  been  reported 
in  nine  Quarterly  Data  Reports,  eight  Quarterly  Summary  Reports,  C-b  Annual  Sum- 
mary and  Trends  Report  (1976),  and  a  5-volume  Environmental  Baseline  Program 
Final  Report  (1977),  all  submitted  to  the  Oil  Shale  Supervisor. 

From  November  1,  1976  through  August  31,  1977,  the  C-b  Tract  was  under 
a  period  of  suspension  of  the  Federal  Oil  Shale  Lease.  The  monitoring  conducted 
during  this  period  was  executed  under  a  program  known  as  the  Interim  Monitoring 
Phase.  Environmental  data  for  this  time  period  were  submitted  to  the  Oil  Shale 
Office  (OSO)  on  October  14,  1977  (Interim  Monitoring  Report  #1).  The  Interim 
Monitoring  Period  was  later  extended  by  the  OSO  to  cover  the  period  from  Septem- 
ber 1,  1977  through  March  31,  1978.  Data  for  this  time  period  were  submitted  to 
the  OSO  on  May  15,  1978  (Interim  Monitoring  Report  #2).  The  Development  Moni- 
toring Program  was  initiated  in  April  1978.  The  Development  Monitoring  Program 
for  Oil  Shale  Tract  C-b  was  submitted  to  the  OSO  in  a  document  dated  February 
23,  1979  and  approved  by  the  OSO  on  April  13,  1979  subject  to  13  Conditions  of 
Approval  contained  in  that  approval  letter.  Semiannual  environmental  data 
reports  are  submitted  e\/ery   January  15  and  July  15. 

The  Interim  Monitoring  and  Development  Monitoring  Programs  have  been 
reduced  and  changed  from  the  Environmental  Baseline  Monitoring  Program  in  many 
areas.  Therefore,  emphasis  is  now  placed  on  key  indicators  of  environmental 
quality  and/or  change.  The  1980  C.B.  Annual  Report,  Volume  2  provides  detailed 
data  analysis  as  in  1979.  This  summary  is  essentially  the  same  in  both  Volumes 
1  and  2. 

The  purpose  of  this  report  is  to  fulfill  the  requirement  of  the  lease 
to  provide  the  Oil  Shale  Supervisor's  Office  with  an  annual  report  of  environ- 
mental analyses.  The  Development  Monitoring  Plan  states  the  following  objectives 
with  respect  to  environmental  monitoring: 

The  purposes  or  objectives  of  environmental  monitoring  as  defined  in  Sec- 
tion 1  (C)  of  the  Stipulations  dre   to  provide:  (1)  a  record  of  changes 
from  conditions  existing  prior  to  development  operations,  as  established  by 
the  collection  of  baseline  data,  (2)  a  continuing  check  on  compliance  with 
the  provisions  of  the  Lease  and  Stipulations,  and  all  applicable  Federal, 
State  and  local  environmental  protection  and  pollution  control  require- 
ments, (3)  timely  notice  of  detrimental  effects  and  conditions  requiring 
correction,  and  (4)  factual  basis  for  revision  or  amendment  of  the  Stipula- 
tions. 

Volume  2  documents  the  analyses  and  conclusions  relative  to  assessment 
of  potential  environmental  impacts  and  trends  that  may  be  indicated  in  the  col- 
lected data.  Since  development  activities  were  not  started  until  1978,  much  of 
the  data  and  analyses  may  be  considered  as  a  continuation  of  environmental  base- 
line and  background  definition. 


1.2  Summary 

Environmental  monitoring  and  analyses  are  continuing  on  Tract  C-b. 
Development  activities  commenced  within  the  past  three  years  have  resulted  in 
increased  activity  on  the  Tract  in  the  form  of  off-road  vehicular  use,  facility 
construction,  shaft  sinking,  and  traffic  into  and  out  of  the  area.  All  activity 
has  been  conducted  within  strict  adherence  to  environmental,  permit,  and  lease 
regulations.  Environmental  impacts,  where  they  exist,  have  been  confined  to  the 
immediate  area  and  within  limits  defined  in  the  Detailed  Development  Plan. 

1.2.1  Indicator  Variables 

The  Development  Monitoring  Program  has  been  brought  into  sharp- 
er focus  with  the  identification  of  Class  i  indicator  variables.  These  are  key 
environmental  variables  collected  at  representative  stations  in  at  least  monthly 
sampling  frequency.  Time  series  plots,  generated  by  the  computer  from  the  data 
base  and  all  to  a  common  time  scale,  are  updated  in  the  semiannual  data  reports 
to  provide  visual  analyses  of  trends  and  interrelationships.  As  a  statistical 
screening  process,  linear  short-  and  long-term  trends  have  been  examined  at  a 
five  percent  level  of  significance  for  air  and  water  and  to  20  percent  for  bi- 
ology; results  are   discussed  in  the  respective  chapters. 

1.2.2  Tract  Imagery 

A  photographic  record  of  Tract  changes  has  been  continued 
through  1980  as  in  previous  years.  A  360°  horizontal  pan  is  photographed  in 
color  on  a  yearly  basis  at  35  photo  points.  From  an  aircraft  overflight  an 
aerial  mosaic  has  been  prepared  (Figure  4-1  of  Volume  1).  Color  infrared  pan- 
oramic photographs  of  the  vegetation  around  springs  and  seeps  were  obtained 
twice  during  the  growth  season. 

Landsat  digital  imagery  was  used  as  in  previous  years  to  moni- 
tor vegetative  condition  in  the  Tract  vicinity.  A  new  data  filtering  algorithm 
was  tested  and  shown  to  be  effective  in  change  detection  within  and  between 
years,  based  on  a  normalized  reflectance  difference  index.  Data  from  1980 
imagery  were  used  to  further  refine  the  calibration  curve  of  biomass  vs.  the 
normalized  index  in  the  pinyon-juniper  and  irrigated  meadow  vegetation  types. 
During  1980,  the  image  analysis  software  was  acquired  by  the  C.B.  project  so 
that  the  imagery  techniques  could  be  routinely  used. 

Image  analysis  showed  that  biomass  in  June  1977  was  less  than 
in  1980  in  selected  areas  (Table  4.2.5-1).  Climatological  data  show  that  1977 
was  a  drought  year,  and  1980  above  normal  in  moisture.  Increases  in  biomass 
within  the  growing  season  are   also  identifiable  from  the  imagery.  Increases  in 
disturbed  .acreages  were  shown  through  the  years  as  development  proceeded. 

1.2.3  Hydrology 

A  development  monitoring  program  has  been  implemented  to  pro- 
vide water  quantity  and  quality  data  for  the  purpose  of  impact  evaluation. 
Streams,  springs,  seeps,  alluvial  and  bedrock  aquifers,  shafts  and  impoundments 
are   presently  monitored.  The  monitoring  station  locations  are  shown  in  Figures 


5.2.1-1,  5.2.2-1,  5.2.3-1  and  5.2.4-1.  The  present  hydrologic  monitoring  net- 
work has  been  expanded  over  that  which  existed  during  the  baseline  period  to 
comply  with  new  requirements  under  the  Water  Augmentation  Plan  and  Consent 
Decree  as  implemented  in  August,  1979. 

Baseline  studies  indicated  the  mean  flow  for  the  reach  of 
Piceance  Creek  adjacent  to  the  Tract  to  be  approximately  15  cfs.  Records  since 
then  indicate  no  significant  change  in  mean  annual  flows.  One-day  minimum  flows 
there  have  reached  less  than  1  cfs.  Maximum  daily  flows  upstream  and  downstream 
of  the  Tract  were  measured  as  follows: 

Upstream         Downstream 
(Sta  007)         (Sta  061) 

Previous  Daily  Maximum  (cfs)   157  (May  '79)     149  (May  '79) 
1980  Maximum  (cfs)  135  (May  '80)     133  (May  '80) 

No  significant  trends  in  streamflow  are  apparent. 

Short-term  linear  correlations  between  precipitation  at  C-b 
meteorology  stations  and  flow  from  springs  are  not  apparent.  This  would  imply 
that  events  that  occur  on  the  surface  of  the  Tract  do  not  have  a  major  effect  on 
flow  in  the  springs.  There  are  no  long-term,  linear  trends  over  time  as  shown 
by  general  linear  modeling.  General  linear  modeling  indicates  a  trend  for  aver- 
age monthly  flow  over  the  past  year.  The  slope  of  each  regression  line  is  small 
(none  are  greater  than  0.003  cfs/mo).  Of  ten  springs,  five  show  positive  slope 
and  five  show  negative  slope.  Considering  these  analyses,  at  the  present  time 
it  appears  that  there  is  no  effect  of  development  activities  on  spring  flow. 

On  a  short-term  basis,  the  linear  model  fits  none  of  the  allu- 
vial well  data.  There  are  some  long-term  trends  exhibiting  a  slightly  negative 
slope,  however  these  negative  slopes  began  during  baseline  for  some  wells.  Most 
importantly,  there  does  not  appear  to  be  any  effect  of  dewatering  on  the  water 
of  the  alluvium  of  Piceance  Creek. 

Dewatering  continued  during  1980  and  levels  in  wells  near  the 
shafts  continued  to  decline.  Of  the  C-b  Tract  wells,  the  only  water  level  which 
did  not  decline  was  in  WXIO  and,  in  fact,  its  water  level  increased.  The 
largest  water  level  declines  occurred  in  those  wells  closest  to  the  shafts. 
There  was  a  decrease  of  160  feet  in  the  water  level  at  WX33  near  the  V/E  Shaft. 
WX32  near  the  Service/Production  shafts  dropped  about  275  feet.  Declines  else- 
where on  the  tract  varied  from  four  feet  in  WX17  in  the  southeast  corner  to 
about  70  feet  in  WX02  near  the  north  boundary  of  the  Tract  between  Sorghum  and 
Cottonwood  Gulches. 

Off-Tract  wells  and  water  augmentation  wells  showed  declines 
based  on  proximity  to  the  shafts.  WX21,  located  south  of  the  tract  on  Scandard 
Gulch,  began  declining  yery   slightly  late  in  the  water  year,  with  a  total  de- 
cline of  about  two  feet.  Wells  WX19  and  WX20  are  both  about  one-half  mile  north 
of  the  Tract.  A  decline  of  about  55  feet  was  recorded  in  WX19,  and  the  water 
level  in  WX20  dropped  about  90  feet. 


Remote  off -Tract  wells  showed  no  declines  in  water  levels. 
Some  wells,  for  example,  WX67,  WX72,  WX64,  showed  slight  rises  in  water  levels 
on  the  order  of  one  foot.  WX73  and  WX75  showed  no  changes. 

Table  5.2.4-2  summarizes  water  level  changes  in  upper  aquifer 
wells  at  C-b  Tract.  Figure  5.2.4-8  summarizes  the  changes  in  water  levels  be- 
tween October  1979  and  September  1980.  Values  have  been  linearly  interpolated 
from  the  well  locations  shown  therefore  the  plot  should  be  considered  tentative. 
The  amount  of  drawdown  decreases  with  distance  from  the  shafts.  The  effects  of 
drawdown  were  not  significant  at  distances  greater  than  two  miles  from  the 
shafts. 

Hydrogeological  data  as  fracture  measurements,  structural  data, 
and  rock  quality  data  were  obtained  in  all  the  shafts.  In  addition  the  hydro- 
logical  data  related  total  shaft  inflows  during  sinking,  effects  on  the  ground- 
water monitoring  well  levels,  and  physical  mapping  of  zones  which  produced 
water. 

Water  quality  data  for  stations  upstream  and  downstream  from 
the  Tract  on  Piceance  Creek,  and  for  stations  in  Stewart  and  Scandard  Gulches 
are  summarized  on  Table  5.3.1-5  by  comparison  with  baseline.  Ratios  of  12-month 
means  for  WU61  and  WU07  are  shown  in  Table  5.3.1-6.  During  1980,  discharges 
were  made  under  the  NPDES  permit  and  Station  WU42  measured  water  quality  affect- 
ed by  these  discharges.  Increases  in  concentrations  at  WU42  were  concomitant 
with  discharge  timing  and  amounts,  but  differences  in  concentrations  upstream 
and  downstream  in  Piceance  Creek  were  not  marked  except  for  ammonia,  which  was 
attributed  primarily  to  livestock  operations  although  mine-water  seepage  moni- 
toring wells  in  1980  are  also  higher  in  ammonia  (Table  5.3.6-5).  There  was  no 
change  in  fluoride  on  an  annual  average  basis.  At  the  four  major  USGS  stations, 
linear  trends  were  shown  for  arsenic  at  WU07  with  a  \/ery   slight  positive  slope, 
and  for  dissolved  organic  carbon  at  WU22.  Dissolved  oxygen  showed  very  slight 
negative  slopes  at  WU22,  WU58,  and  WU61  that  may  have  been  temperature  depen- 
dent. 

Water  quality  data  from  springs  show  few  trends  with  time, 
except  for  arsenic  which  shows  a  negative  slope  in  the  linear  regression  with 
time.  Specific  conductivity  data  show  consistent  means  and  standard  deviations 
indicative  of  a  possible  common  source.  Specific  conductivity  values  are  also 
much  lower  for  springs  than  for  wells  or  surface  streams  indicating  the  proba- 
bility that  the  springs  may  be  precipiation  derived.  Baseline  data  for  fluoride 
are  two  to  three  times  greater  than  subsequent  values  implying  that  fluoride  as 
well  as  arsenic  concentrations  are  decreasing. 

Alluvial  well  water  quality  data  showed  negative  linear  trends 
with  time  for  some  wells  or  showed  no  trends  at  all  in  others. 

Upper  Aquifer  water  quality  showed  little  change.  Regression 
line  slopes  were  either  yery   slightly  positive  or  negative.  All  were  yery   near 
zero  except  TDS  at  WXIO  which  showed  a  significant  negative  slope.  Linear 
trends  in  Lower  Aquifer  data  were  essentially  zero  except  for  a  slight  negative 
slope  in  magnesium  at  WY51. 


Seepage  monitoring  wells  show  some  effects  of  impoundments  and 
these  data  are  summarized  in  Table  5.3.6-5.  Data  before  impoundment,  however, 
are  based  on  only  four  samples.  General  trends  in  the  V/E  shaft  water  quality 
may  be  summarized  as  follows.  The  general  trend  in  the  "A"  Groove  is  that 
values  increase  with  depth.  From  the  base  of  the  Uinta  to  the  base  of  the  Four 
Senators,  values  of  TDS  and  NO3  are  constant  with  depth  except  for  one  high 
value  for  NO3.  Values  of  NH3  decreased  with  depth  and  values  of  B  increased 
with  depth.  In  the  Upper  Parachute  Creek  above  the  A  groove,  values  of  TDS  and 
Na  increase  with  depth,  while  values  of  NH3  increase  irregularly  with  depth. 
Values  of  NO3  and  F  are  constant  within  a  narrow  range  of  values.  Values  for 
SO4  are  very   irregular  and  have  no  trend.  In  the  Mahogany  Zone  values  of  TDS, 
SO4,  and  Na  increase  with  depth  to  about  5,390  feet  and  then  decrease  with 
depth.  Values  for  NO3  and  CI  are  constant.  Values  for  NH3  and  B  have  an 
irregular  profile  when  plotted  against  depth  with  NH3  irregularly  increasing 
with  depth  and  B  irregularly  decreasing  with  depth.  Values  of  F  are  also 
irregular  with  maximum  values  in  the  lower  (deeper)  zone. 

1.2.4  Aquatic  Ecology 

Benthos  and  periphyton  data  were  obtained  and  analyzed  in  1980. 
The  analysis  of  the  periphyton  data  at  present  does  not  show  any  effect  that  may 
be  attributable  to  Tract  operations.  Although  statistical  analysis  does  show 
significant  differences  between  stations  and  months,  no  trend  relating  these 
differences  to  the  control  stations  versus  the  two  test  stations  was  establish- 
ed. The  variability  in  the  data  indicated  by  statistical  analysis  is  deemed  to 
be  due  to  natural  causes. 

1.2.5  Air  Quality 

Figure  6.2.1-1  shows  the  air  quality  monitoring  network. 
Compliance  with  State  and  Federal  air  quality  standards  continued  to  be 
maintained  at  the  C-b  site  during  1980.  Concentrations  in  1980  were  monitored 
at  levels  far  below  the  appropriate  standards  as  shown  in  Table  6.2.1-5.  High 
particulate  values  in  1974  were  due  to  fugitive  dust.  Results  of  a  linear 
time-trend  analysis  are  shown  on  Table  6.2.1-4.  Negative  trends  in  carbon 
monoxide  concentrations  were  indicated  at  both  020  and  023  for  both  short-  and 
long-term  data.  Short-term  represents  1980  data;  long  term  represents  data  since 
baseline.  Linear  trends  indicated  for  the  other  pollutants  are  accompanied  by 
regression  line  slopes  of  essentially  zero.  That  is,  there  are  no  significant 
trends  in  air  quality  due  to  development.  Table  6.2.1-6  shows  the  maxima, 
means,  and  ratios  of  maximum-to-  mean  concentrations  of  gaseous  and  particulate 
constituents  at  stations  AB20  and  AB23  for  1980. 

Mean  visual  range  for  Spring  1980  was  78  miles,  compared  to  a 
previous  spring  average  over  1976-1979  of  72  miles.  For  Fall  1980  the  average 
was  85  miles  compared  to  that  over  1976-1979  of  82  miles. 

1.2.6  Meteorology 

Figure  6.3.1-1  shows  the  climatological  network. 


Meteorological  data  gathered  during  1980  showed  that  monthly 
mean  and  variations  in  temperature  are  consistent  with  the  values  from  the  past 
five  years  since  baseline.  A  new  maximum  growing  season  length  of  151  days  from 
12  May  to  15  October  was  established  during  1980.  Solar  radiation  remained  in 
normal  range  and  relative  humidity  measurements  are  consistent.  Precipitation 
in  1980  was  variable  from  month  to  month  with  annual  totals  of  35  cm  at  AB20  and 
27  cm  at  AB23.  Differences  in  the  amounts  recorded  at  the  two  stations  are  a 
result  of  the  spatial  variability  that  is  typical  in  the  region. 

1.2.7  Noise 

Monthly  peaks  in  traffic  noise  levels  and  background  levels 
during  development  exceed  baseline  levels  by  approximately  nine  dBA.  Increased 
noise  is  due  to  development  activities.  These  activities  have  produced  noise 
levels  on-Tract  that  are  generally  low  (approximately  44  dBA  average)  and  well 
below  State  noise  standards  for  an  industrial  zone. 

1.2.8  Wildlife  Biology 

Figure  8.7.2-1  presents  the  biological  network  also  showing 
areas  of  the  land  application  system. 

Deer  pellet  group  densities  were  higher  in  1979  and  1980  than 
in  1978  and  1979.  Deer  migrational  movements  and  distribution  along  the  highway 
have  remained  the  same  over  the  years.  The  1980  high  count  was  1409  and 
occurred  in  April.  Deer  mortality  was  higher  in  1979-1980  than  in  the  previous 
years  1977-1979.  Fawn  counts  were  lower  in  1980  than  in  1979. 

Road  kills  vary  in  numbers  over  the  years.  Road  kills  appear  to 
be  dependent  upon  herd  size  and  traffic  density,  although  more  data  are  required 
to  adequately  define  the  relationship. 

Bitterbrush  utilization  by  deer  was  lower  in  1980  than  in  1979, 
and  is  not  significantly  affected  by  C-b  development. 

No  significant  trends  in  coyote  abundance  were  apparent  in 
1980. 

Lagomorph  populations  are  not  significantly  affected  by  C-b 
developments  and  no  significant  difference  has  been  detected  in  preference  be- 
tween chained  rangeland  and  pinyon-juniper  habitats. 

Small  mammal  populations  were  sampled  in  the  areas  where 
sprinkler  irrigation  occurred  and  control  areas,  and  the  results  compared.  Deer 
mice  avoided  the  watered  areas,  while  golden-mantled  ground  squirrels  preferred 
them.  Trapping  results  for  habitat  preference  are  similar  to  past  years.  The 
least  chipmunk  prefers  chained  rangeland  while  Uinta  chipmunk  prefers  pinyon- 
juniper  habitat. 

No  significant  changes  in  songbird  densities  have  occurred  due 
to  C-b  development.  Mourning  dove  populations  fluctuate  from  year  to  year  and 


show  no  apparent  effects  of  development.  Raptor  populations  appear  stable  and 
the  number  of  nesting  sites  show  no  apparent  effect  due  to  C-b  development, 

1.2.9  Vegetation 

Bitterbrush  production  was  lower  than  in  1979.  No  major  changes 
have  occurred  in  the  herbaceous  layer  components  in  either  the  upland  or 
bottomland  sagebrush  shrubland  types.  Even  though  the  exclosures  have  been  in 
place  for  six  growing  seasons,  the  open  and  fenced  plots  still  share  a  high 
degree  of  similarity.  Shrub  species  composition  has  remained  essentially  the 
same.  These  small  changes  that  appear  seem  to  be  related  to  natural  variation 
or  sampling  error  and  do  not  appear  to  be  related  to  oil  shale  development  on 
the  site. 

1.2.10  Ecosystem  Interrelationships 

Ecosystem  interrelationship  studies  have  been  continued  as  a 
means  of  assessing  the  potential  impact  of  environmental  perturbations  resulting 
from  development  activity.  Quantitative  studies  to  date  include  the  effects  of 
climatic  variations  on  herbaceous  productivity  and  effects  of  traffic,  climate, 
and  size  of  mule-deer  herd  on  deer  road-kill.  Previously  established  linear 
results  that  still  hold  are  as  follows:  (1)  herbaceous  productivity  correlated 
best  with  precipitation  in  April-May-June  and  total  precipitation  of  the  pre- 
vious year,  and  (2)  deer  road-kill  correlated  best  with  deer  road-count. 

1.2.11  Items  of  Aesthetic,  Historic,  or  Scientific  Interest 

Surface  activity  was  somewhat  limited  at  the  site  in  1980  as  in 
1979.  A  concerted  effort  has  been  made  to  paint  and  locate  new  structures  to 
reduce  any  aesthetic  impact.  Additionally,  the  on-site  environmental  staff  has 
thoroughly  investigated  every   site  of  disturbance  and  no  additional  historic  or 
scientific  discoveries  have  been  made. 

1.2.12  Health   and  Safety 

Accident  frequency  analyses  and  inspection  reports  (Mine  Safety 
and  Health  Administration  and  Colorado  Division  of  Mines)  are   included  in  the 
Development  Monitoring  Plan  and  its  reports.  At  C-b  based  on  783,871  man-hours, 
there  were  15  lost-time  accidents.  The  site  injury  rate  in  1980  was  5.10  (inci- 
dents/200,000 man-hours).  This  compared  with  five  lost-time  accidents  in  1979, 
and  an  injury  rate  of  1.91. 

1.2.13  Toxicology 

Oil  shale  materials  have  been  tested  carefully  by  several  re- 
search laboratories  (Kettering  Laboratories,  University  of  Cincinnati;  Bio-Re- 
search Consultants,  Inc.,  Cambridge,  Massachusetts;  and  Eppley  Institute  for  Re- 
search in  Cancer  and  Allied  Diseases,  Omaha,  Nebraska)  on  behalf  of  private  com- 
panies developing  oil  shale  and  at  the  request  of  the  American  Petroleum  Insti- 
tute. Detailed  chemical  analyses  were  done  to  measure  the  presence  of  known  or 
potential  cancer-causing  substances  in  oil  shale  rock,  crude  shale  oil  and  other 
products  made  from  it,  the  rock  residue  left  over  after  processing,  and  the  air 


emissions  from  equipment  during  processing.  In  addition,  experiments  were  con- 
ducted with  mice  and  hamsters  to  determine  if  concentrations  of  such  materials 
or  extracts  made  from  them  are  hazardous. 

Raw  and  processed  oil-shale  rock  have  not  shown  carcinogenic 
characteristics  in  these  tests.  Liquid  shale  oil  has  been  shown  to  produce  skin 
cancer  in  mice  as  have  certain  uniquely  processed  petroleum  products  from  con- 
ventional crude  oil.  Therefore,  normal  care  must  be  taken  to  protect  workers 
from  potential  carcinogenic  effects. 

When  shale  oil  is  upgraded,  however,  its  carcinogenic  potential 
is  reduced.  And,  since  these  problems  have  been  dealt  with  for  many  years  in 
the  industry  we  are  convinced  they  are  manageable.  In  addition,  the  amount  of 
BaP  (a  natural  substance  which  is  known  to  cause  cancer  in  animals  and  is  sus- 
pected of  being  able  to  cause  cancer  in  humans)  is  greater  in  numerous  common 
materials  such  as  soil,  fruit,  oysters,  barbequed  meat,  oak  leaves,  coal,  natur- 
al sediments  and  ordinary  paving  materials  than  in  oil  shale  or  its  products  or 
by-products.  Although  man  is  continually  exposed  to  these  items  in  a  normal 
environment,  these  exposures  have  not  been  associated  with  human  cancer. 

The  animal  studies  also  concluded  that  normal  exposures  to 
oil-shale  rock  by  workers  and  the  local  community  during  processing  will  not 
present  unusual  toxic  or  cancer-causing  threats.  The  animals  were  exposed  to 
massive  amounts  of  small  particles  and  dust  from  the  native  oil-shale  rock  and 
from  the  processed  oil  shale  by  skin  contact,  breathing  and  eating.  They  did 
not  develop  cancer,  and  no  unusual  or  chronic  toxic  effects  were  found.  The 
relative  size  of  the  doses  given  the  animals  exceeded  any  possible  contact  by 
humans.  As  stated  earlier,  animals  painted  with  raw  shale  oil  did  develop  skin 
cancer,  but  this  problem  is  preventable  by  proper  equipment  design  and  good  in- 
dustrial hygiene  practices. 

Overall,  the  results  of  these  analyses  and  tests  demonstrate 
that  modern  industrial  hygiene  and  safety  practices  in  a  commercial  oil  shale 
retorting  facility  will  protect  workers  and  others  from  cancer-causing  materials 
and  toxic  risks  similar  to  other  safety  practices  in  modern  industry.  The  com- 
bined results  of  these  studies  will  help  form  the  basis  for  specific  safety  and 
health  programs  for  all  oil  shale  facilities. 

1.2.14  Data  Management 

All  air,  water  and  microclimate  data  Are   currently  in  a  compu- 
terized data  base  called  RAMIS.  Biological  data  are  partly  in  manual  data 
bases,  as  documented  in  data  reports  to  the  OSO  and  partly  in  RAMIS.  Status  is 
as  indicated  in  Table  9-10  of  Volume  1. 

Data  tapes  for  air  quality  and  meteorology  have  been  furnished 
to  the  OSO  for  data  through  April,  1980. 

1.2.15  Reporting 

Annual  reports  are  submitted  during  the  anniversary  month  of 
the  Lease  (April).  Semiannual  Data  Reports  dre   submitted  to  the  OSO  on  January 


15  and  July  15.  Air  quality  data  volumes  in  these  reports  are  also  submitted  to 
EPA,  Region  VIII,  and  the  Air  Quality  Control  Division  of  the  Colorado  Depart- 
ment of  Health. 
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2.0  TRACT  DEVELOPMENT  SCHEDULE  AND  MAPS 

2.1  Development  Schedule 

The  proposed  development  schedule  is  presented  as  Table  3-1  and  Figure 
3-2  in  Volume  1  of  this  report,  A  comparison  of  proposed  vs.  actual  schedules 
for  calendar  years  1977  through  1980  is  presented  in  Figure  3-3  of  Volume  1. 

2.2  Maps 

Three  fold-out  charts  (Exhibits  A,  B  and  C)  depicting  the  monitoring 
site  locations  for  development  monitoring  are  included  in  the  jacket  inside  the 
back  cover  of  this  volume.  Exhibit  A  is  a  map  of  the  Piceance  Basin  giving  key 
features  of  the  hydrologic  monitoring  program.  Exhibit  B  is  a  list  of  stations 
of  the  hydrologic  monitoring  program  illustrated  in  Exhibit  A.  Exhibit  C  is  a 
map  of  the  development  monitoring  activities  at  the  site.  Monitoring  locations 
are  shown  as  four-digit  computer  codes  on  the  map;  comparisons  of  computer  codes 
and  "conventional"  site  locations  are  included  in  Appendix  Table  A2.2-1. 

Other  useful  maps  in  the  jacket  of  Volume  1  include: 

1:7200  Topographic  Map  of  the  Tract 

1:7200  Aerial  Mosaic  (September  1980  overflight) 

1:2400  Topographic  maps  of  three  selected   areas  of  the  Tract   (further 
reduced   in  size) 

Related  maps   are   included   in  each  chapter  as   appropriate. 
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3.0  INDICATOR  VARIABLES 

Indicator  variables  are  those  monitored,  environmental  parameters  that  can 
be  expected  to  provide  the  earliest  clues  of  potential  change  from  the  baseline 
environment.  This  section  identifies  the  indicator  variables  selected  for  en- 
vironmental disciplines  of  hydrology,  air  quality  and  meteorology,  noise,  and 
biology.  Site  locations  are  shown  on  the  jacket  map. 

3.1  Role  in  Impact  Assessment 

These  variables  are:  (1)  most  sensitive  to  change  in  quality;  (2) 
indicators  of  natural  or  climatic  change;  and  (3)  subject  to  Federal  and  State 
standards  because  of  concern  for  human  health  and  public  welfare. 

Via  early  data  reduction  and  analysis,  changes  or  adverse  time-trends 
in  the  observations  can  be  flagged  in  timely  fashion.  Visibility  is  provided  by 
maintaining  current  time-series  plots  of  the  key  variables.  Impact  of  develop- 
ment activity  is  also  assessed  through  statistical  comparison  of  data  collected 
on  both  development  and  control  sites.  If  trends  and  differences  signal  adverse 
environmental  impact,  additional  and  increased  monitoring  will  be  triggered. 
(Referred  to  as  Systems  Dependent  Monitoring.) 

3.2  Identification  of  Class  I  Indicator  Variables 

Indicator  variables  are  that  subset  of  the  environmental  parameters 
that  best  indicate  the  "state"  of  the  ecosystem.  However,  the  combinations  of 
monitored  indicator  variables  combined  with  the  number  of  collection  stations 
exceed  1000.  Therefore,  Class  I  Indicator  Variables  have  been  identified  in 
order  to  further  reduce  the  number  of  parameter  and  site  combinations  to  a  real- 
istic quantity  (147)  for  the  purpose  of  close  observation  and  more  detailed  an- 
alysis. Class  I  Indicator  Variables  &re   key  environmental  variables  collected 
at  representative  stations  on  at  least  monthly  frequency.  Time  series  plots  are 
maintained  and  updated  semiannually  for  all  Class  I  Indicator  Variables. 

This  section  identifies  only  the  Class  I  Indicator  Variables,  however, 
all  monitored  variables  are  included  in  the  data  reports. 

3.2.1  Tract  Photography 

Tract  photography  is  carried  out  annually  under  both  a  surface 
and  an  aerial  program.  The  aerial  program  this  year  consisted  of  historical  and 

present  use  of  Landsat  digital  data.  No  Class  I  Indicator  Variables  associated 

with  tract  photography  are   identified  at  present. 

3.2.2  Hydrology  and  Water  Quality 

Class  I  Indicator  Variables  for  hydrology  are  identified  in 
Table  3.2.2-1.  The  number  of  collection  sites  has  been  screened  to  four  USGS 
Gauging  Stations,  four  springs  and  seeps,  and  four  alluvial  wells.  Parameters 
are  collected  either  daily  or  monthly  as  indicated  by  the  codes  in  the  table. 
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3.2.3  Air  Quality  and  Meteorology 

Class  I  Indicator  Variables  and  stations  for  air  quality  and 
meteorology  are  identified  in  Table  3.2.3-1.  Collection  frequency  for  those 
parameters  coded  with  D  is  continuous;  hourly  averages  are  reported  in  the  data 
reports.  Daily  averages  and  peaks  calculated  from  the  hourly  averages  are  used 
in  the  time-series  plots  for  these  variables.  Daily  totals  are  plotted  for 
those  parameters  coded  with  a  T. 

3.2.4  Noise 

Noise  is  measured  at  three  stations  in  decibels.  Class  I  In- 
dicator Variables,  shown  in  Table  3.2.4-1,  are  peak  measurements  of  noise  level 
for  daytime  (0700  through  1900  hours)  and  for  nighttime  (1900  through  0700 
hours) . 

3.2.5  Biology 

Much  of  the  biological  data  collection  and  analysis  is  in  a 
seasonal  or  annual  time  frequency.  These  data  and  analyses  are  important  indi- 
cators of  possible  oil  shale  development  environmental  impact.  However,  under 
the  definition  of  Class  I  Indicator  Variables  (those  variables  with  at  least  a 
monthly  collection  frequency),  a  much  smaller  set  of  biological  environmental 
parameters  are  identified.  These  parameters  and  their  collection  frequencies 
are  shown  in  Table  3.2.5-1.  The  collection  frequency  of  microclimate  data  is 
twice  monthly  and  is  indicated  by  2M  in  this  table.  Monthly  and  weekly  collec- 
tion frequencies  dre   shown  in  the  table  with  M  and  W,  respectively. 
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4.0  TRACT  PHOTOGRAPHY 
4.1  Surface  Program 

4.1.1  Scope 

Section  1  (C)  of  the  Environmental  Lease  Stipulations  requires 
that  the  Lessee  conduct  monitoring  programs  to  measure  perceptible  changes  from 
baseline  conditions.  Toward  this  end  both  a  surface  and  an  aerial  photography 
program  have  existed  since  baseline.  For  the  surface  program,  color  photos  were 
obtained  annually  at  35  photo  points  and  color  infrared  photos  were  taken  in  the 
vicinity  of  the  springs  and  seeps. 

4.1.2  Objectives 

The  objectives  of  the  surface  program  are  to  provide: 
1)  a  visual  record  of  changes  from  conditions  existing  prior  to  development 
operations;  2)  visual  evidence  of  successional  changes  in  the  ecosystem;  3)  an 
historic  account  of  surface  development. 

4.1.3  Experimental  Design 

Thirty-five  points  have  been  selected  for  development 
monitoring  from  which  a  360°  pan  is  photographed  in  color  on  a  yearly  basis 
(Figure  4.1.3-1).  A  35mm  camera  with  an  f  1.8,  55mm  lens  is  used.  Once  each 
year  in  June  between  10:00  a.m.  and  2:00  p.m.  on  cloudless  days,  a  360°  photo 
pan  is  taken  from  each  of  the  thirty-five  photo  map  stations. 

A  color  infrared  pan  is  taken  twice  throughout  the  growing 
season  around  the  nine  spring-and-seep  locations,  to  qualitatively  record  the 
vigor  of  growing  vegetation  at  that  time.  These  pans  are  contained  in  the 
semiannual  data  reports. 

4.1.4  Archiving  Methods 

A  complete  set  of  the  35mm  color  slides  for  all  photo  points 
are  numbered  as  to  station,  aspect,  and  date.  This  set  is  stored  in  plastic 
envelopes  and  bound  in  a  three-ring  binder,  then  filed  in  a  unit  designed  to 
curtail  dust  and  light  as  a  part  of  the  permanent  record  of  the  C.B.  Shale  Oil 
Project. 

4.1.5  Results  and  Conclusions 

As  in  the  previous  years  the  ground  color  slides  have  been 
archived  as  a  photographic  record  of  Tract  changes.  Color  infrared  photo  pans 
of  the  areas  around  the  springs  and  seeps  have  been  taken  twice  during  the 
growing  season  to  record  qualitative  changes  during  the  vegetative  growth 
cycle. 
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FIGURE  4.1.3-1 
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4.2     Remote  Sensing 

4.2.1  Scope 

Digital  data  from  the  multi-spectral  scanner  aboard  the  Landsat 
series  of  earth-orbiting  satellites  were  used  to  assess  the  vegetation  condition 
in  the  vicinity  of  the  C-b  Tract.  The  wide  area  coverage  and  resolution  are 
adequate  for  general  vegetation  condition  assessment. 

The  measure  of  vegetation  condition  is  based  on  results 
obtained  by  Maxwell,  et.  _al_.  (1980).  The  methods  they  employed  were  developed 
for  short  grass  prairie  and  irrigated  row  crop  vegetation;  therefore,  an 
extension  of  these  methods  to  the  pinyon-juniper  forests  and  shrublands  of  the 
Piceance  Basin  has  been  derived. 

4.2.2  Objectives 

The  objectives  of  this  effort  are: 
1)  to  evaluate  various  filtering  algorithms  designed  to  reduce  random  variations 
in  vegetation  index  values  in  the  processed  Landsat  images;  2)  to  calibrate  the 
normalized  difference  index  for  chained  pinyon-juniper  r angel  and  and  hay  meadows 
found  within  the  Piceance  Creek  Basin;  and;  3)  to  provide  a  measure  of  vegeta- 
tion condition  over  a  selected  portion  of  the  Piceance  Creek  Basin;  and 
4)  to  provide  a  measure  of  vegetation  condition  change  over  a  growing  season 
and  over  years. 

During  these  analyses,  and  as  an  integral  part  of  the  effort 
undertaken,  a  major  part  of  the  image  analysis  software  package  called  the  Land- 
sat Mapping  System  (LMS)  was  transferred  to  Occidental  from  Colorado  State 
University  Research  Institute.  This  accomplishment,  combined  with  satisfaction 
of  the  technical  objectives  noted  above,  has  prepared  Occidental  to  routinely 
employ  Landsat  to  monitor  changes  in  vegetation  condition  (green  standing  crop 
biomass) . 

4.2.3  Experimental  Design 

4.2.3.1  Selection  of  Critical  Areas 

The  test  area  has  been  shifted  east  and  south  from 
previous  studies  in  order  to  include  a  larger  portion  of  the  on-Tract  area,  the 
assumed  area  of  drawdown,  and  the  land  application  (sprinkler)  system.  Six 
areas  were  designated  as  areas  of  concern: 

1.  Riparian  area  below  discharge  point. 

2.  Riparian  area  above  discharge  point. 

3.  Chained  pinyon-juniper  area  for  maximum  effects. 

4.  Sprinkler  system  area  of  influence  for  irrigation,  initiated  in  June,  1980. 

5.  Control  areas  for  dewatering  effects  and  sprinkler  system  influence. 

6.  General  condition  of  the  disturbed  area  surrounding  the  Service,  Production, 
and  Ventilation/Escape  shafts. 

The  location  of  the  test  area  and  the  six  areas  of 
concern  are  shown  in  Figure  4.2.3-1. 
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FIGURE     4.2.3-1 
LANDSAT     TEST    AREA    AND   SIX    AREAS   OF   CONCERN 
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4.2.3.2  Selection  of  Dates 

Eight  image  dates  were  selected  for  this  analysis: 
June,  1977;  August,  1977;  June,  1979;  August,  1979;  June,  1980;  July,  1980; 
August,  1980;  and  September,  1980. 

The  1977  and  1979  image  dates  were  selected  for  the 
initial  study.  Dates  from  1980  were  selected  to  correspond  to  the  initial  dates 
(i.e.  months)  and  more  frequently  in  order  to  establish  a  calibration  curve  for 
the  chained  pinyon-juniper  woodlands. 

Data  for  the  August,  1977  Landsat  computer  compatible 
tape  (CCT)  from  the  EROS  Data  Center  should  be  considered  marginal  from  row  50 
and  beyond  due  to  a  format  discrepancy  which  is  not  compatible  with  the  current 
software.  In  addition,  the  image  from  June,  1979  has  a  cloud  in  the  lower 
right-hand  corner  that  eliminated  this  portion  of  the  data  from  any  comparative 
analysis. 

4.2.3.3  Field  Measurements 

A  field  sampling  program  was  initiated  in  May,  1980 
and  continued  through  September,  1980.  The  sampling  dates  were  chosen  to 
correspond  with  Landsat  overpasses.  Ten  sample  transects  were  established;  five 
each  in  the  Piceance  Creek  meadows  and  the  upland  ridges  (chained  pinyon- 
juniper  areas).  One  square  meter  sampling  quadrats  were  used  on  the  ridges  and 
1000  cm2  quadrats  were  employed  in  the  meadows.  A  double  sampling  procedure 
was  used  to  obtain  biomass  values  for  the  quadrats  that  were  randomly  placed 
within  the  ten  sample  transects.  Ocular  estimates  of  biomass  were  made  for  each 
quadrat,  and  the  green  vegetation  in  every  fifth  quadrat  was  clipped  and 
weighed.  Approximately  ten  quadrat  samples  were  taken  for  each  transect. 

4.2.3.4  Vegetation  Index  Calibration 

The  establishment  of  the  relationship  between  biomass 
and  Vegetation  Index  (VI)  values  required  the  registration  of  Landsat  images 
with  the  region  around  the  C-b  site.  The  ROTATE  program  within  the  LMS  package 
corrects  for  image  distortion  and  scales  the  image  for  any  specified  delay 
device  and  map  scale.  The  images  for  each  of  the  overpass  dates  were  rotated 
and  scaled  to  overlay  1:24,000  maps  of  the  region.  In  this  way,  the  Landsat 
pixels  located  within  the  sampled  meadow  (M)  and  ridge  (R)  sites  could  be 
extracted  from  the  Landsat  CCTs  and  plotted  vs.  the  measured  biomass  values  for 
those  locations.  Because  the  relationship  between  vegetation  index  values  and 
biomass  is  nonlinear  and  not  well-defined,  a  graphical  representation  of  that 
relationship  is  more  useful  than  a  linear  regression  equation  (see  Figure 
4.2.5-3). 

4.2.3.5  Filtering  Algorithms 

Two  filtering  algorithms  were  considered   in  this 
analysis:     a  moving  average  or   low  pass  filter  and  a  minimLan  variance  filter. 
The  moving   average  filter  operates  by  means  of   a  3  x  3  pixel   mask  that   is  moved 
across  the  image  data.     For  each  3x3  area,   a  weighted   average  is  calculated 


£3 


and  this  average  value  replaces  the  pixel  value.  The  values  chosen  for 

weighting  the  averaging  process  are  selected  such  that  the  contribution  of  a 

particular  pixel  is  a  function  of  the  distance  of  that  pixel  from  the  center 
pixel  (see  Figure  4.2.3-2). 

The  minimum  variance  filter  also  employs  a  3  x  3  mask. 
Within  this  mask,  however,  pixels  are  considered  in  groups  of  three  as 
illustrated  in  Figure  4.2.3-3.  The  variance  among  pixels  for  each  of  these 
three  pixel  aggregations  is  computed.  In  this  way  a  measure  of  the  gradient 
across  the  mask  is  obtained.  The  group  of  3  pixels  with  the  lowest  variance 
(region  of  least  gradient)  is  selected  for  computing  a  nonweighted  average  to 
replace  the  value  of  the  center  pixel. 

A  study  area  exhibiting  sharp  boundaries  and 
homogeneous  fields  was  chosen  to  evaluate  the  two  filtering  algorithms.  The 
filtering  study  area,  68  x  49  pixels  or  approximately  3665  acres,  is  located 
along  Piceance  Creek.  The  area  is  characterized  by  rugged  topography  with  local 
relief  of  600  to  800  feet  and  moderate-to-steep  slopes  in  ravine  areas.  The 
meadows  along  the  Piceance  Creek  are  the  most  homogeneous  since  they  are 
cultivated  for  hay  and  nearly  level.  The  ridges  are  generally  homogeneous  but 
exhibit  a  considerable  "salt  and  pepper"  appearance  due  to  vegetation  and 
topographic  variations.  The  Landsat  image  of  June  30,  1979  was  selected  for 
analysis.  This  image  showed  no  evidence  of  striping  or  variations  from  line  to 
line  caused  by  incorrect  detector  calibration. 

4.2.4  Method  of  Analysis 

This  technique  utilizes  the  Landsat  Earth  resources  satellite 
in  a  sun-synchronous  orbit  at  918  km.  It  passes  over  the  area  at  the  same  local 
time  (approximately  9:30  a.m.)  each  day,  which  is  significant  since  any  changes 
in  shadowing  would  influence  reflectance.  Land  coverage  is  approximately  110  x 
110  square  miles.  The  on-board  sensor  measures  spectral  reflectance  in  four 
discrete  bands: 

Band       Wave  Length  (um) 


4 

0.5  to  0.6 

Green 

5 

0.6  to  0.7 

Red 

6 

0.7  to  0.8 

Photo  IR 

7 

0.8  to  1.1 

Photo  IR 

The  paragraphs  to  follow  discuss  the  derivation  of  both 
change  detection  techniques  and  vegetation  indices  from  information  in  these 
bands. 

4.2.4.1  CCT  Processing  and  Display  Procedures 

Software  exists  for  extracting  data  for  the  test  area 
from  the  Landsat  Computer  Compatible  Tapes  (CCT's),  which  is  the  first  step  in 
image  processing.  The  next  step  in  processing  is  to  transform  the  data  via 
systematic  geometric  corrections  for  Earth  rotation  and  scanner  mirror  velocity, 
then  to  rotate  the  image  to  true  north  and  scale  it  to  1:24,000  to  precisely 
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FIGURE  4.2.3-2 
MASK  OF  FILTER  WEIGHTS  USED  TO  EFFECT  THE 
MOVING  AVERAGE  FILTERING  ALGORITHM. 
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FIGURE  4.2,3-3 

GROUPS  OF  THREE  PIXELS  WITHIN  THE  3X3 
FILTER  MASK  WHICH  ARE  USED  FOR  THE 
VARIANCE  FILTER. 
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match  the  scale  of  USGS  topographic  maps.  Geometric  accuracy  is  expected  to  be 
plus  or  minus  one  resolution  unit  (pixel). 

Once  geometrically  controlled,  filtering  was  then 
performed  on  each  data  set  for  each  channel,  and  the  vegetation  index  for  each 
data  set  was  computed  and  added  to  that  data  set  as  a  fifth  channel  of 
information.  The  data  sets  were  then  merged  for  comparison  and  differencing  of 
the  vegetation  index  was  performed.  A  histogram  of  difference  values  was 
generated  and  used  to  select  a  threshold  for  mapping  intensity  of  change.  These 
intensity-of-change  values  in  both  positive  and  negative  directions  were 
displayed  via  line  printer  output  as  gray-scale  maps.  The  Landsat  data  are 
similarly  presented. 

4.2.4.2  Change  Detection 

Several  methods  have  been  used  to  extract  change 
detection  information  from  digital  data.  These  include:  (1)  an  image-ratio 
technique  whereby  Landsat  data  for  a  designated  test  area  are  acquired  for  two 
different  dates,  (2)  a  post-classification  comparison  of  land-cover  classes 
between  dates,  (3)  the  use  of  data  reduction  techniques  to  emphasize  particular 
data  characteristics  for  the  identification  of  change,  and  (4) 
image-differencing  employing  the  subtraction  of  one  data  value  from  another. 

Several  points  should  be  noted  in  change  detection. 
Data  transformations  are  useful  to  enhance  quality  of  the  data  that  are  of 
interest.  This  can  reduce  noise  in  the  data  and  lead  to  economy  in  data 
processing.  The  comparison  of  individual  classification  results  to  determine 
areas  of  change  is  useful  since  data-specific  noise,  such  as  unique  atmospheric 
effects,  will  have  less  effect  on  the  results.  A  variety  of  change  detection 
techniques  exist  that  can  be  tailored  to  meet  particular  user  needs. 

Changes  in  vegetation  condition  were  the  primary 
measurement  objectives;  therefore,  calculating  differences  between  vegetation 
indices  was  the  analysis  method  selected.  A  description  of  vegetation  indices 
and  their  use  to  quantify  vegetation  condition  follows. 

4.2.4.3  Vegetation  Indices 

Two  important  factors  determining  leaf  reflectance 
are  the  light  absorbing  pigments  within  the  leaf  and  the  physical  structure  of 
the  leaf.  The  pigments  (chlorophylls,  xanthophylls,  carotenoids,  and 
anthocyanins)  are  responsible  for  absorption  of  energy  in  the  visible 
wavelengths,  but  they  do  not  interact  with  infrared  (IR)  energy  (see  Figure 
4.2.4-1).  The  structure  of  the  leaf  is  important  to  both  visible  absorptance 
and  IR  reflectance.  Leaf  structure  increases  the  effective  path  length  within 
the  leaf  for  the  visible  and  IR  wavelengths.  This  increases  the  opportunity  for 
the  interception  of  radiation  by  the  pigments  and  results  in  the  upward 
scattering  of  40  to  60  percent  of  the  near  IR  energy  intercepted  by  the  leaf 
(Maxwell  et._aj_.  1980). 

The  measurement  of  biomass  (a  term  used  to  describe 
the  quantity  and  vigor  of  green  vegetation  covering  the  surface  which  is  assumed 
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FIGURE  4.2.4-1 
Landsat  Reflectance  vs.  Wavelength 

This  illustration  represents  the  wavelengths  monitored  by 
the  four  Landsat  sensors  along  with  the  reflectance  charac- 
teristics of  plants  and  attenuation  of  radiation  by  water. 
Note  the  high  absorption  of  band  5  radiation  by  chlorophyll 
and  the  enhanced  band  6  and  7  reflectance  due  to  leaf  struc- 
ture. High  attenuation  is  noted  for  band  7  due  to  water 
absorption. 
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to  be  directly  related  to  vegetation  condition)  using  vegetation  indices  has 
been  the  subject  of  much  research  during  the  past  decade.  This  previous 
research,  in  particular  that  of  Maxwell  et.  aj_.  (1980),  prompted  the  initial 
evaluation  of  Landsat  vegetation  indices  for  monitoring  seasonal  and  annual 
changes  in  biomass  in  the  Piceance  Creek  Basin. 

The  results  of  the  initial  study  in  1979  verified  the 
feasibility  of  using  Landsat  vegetation  indices  to  monitor  biomass  changes  in 
the  chained  pinyon-juniper  rangelands  and  in  the  hay  meadows  along  the  Piceance 
Creek.  The  normalized  differences  (ND)  index  derived  from  Landsat  bands  7  and  5 
was  shown  to  be  the  most  useful  for  this  application.  This  index  is  computed 
according  to  the  equation: 


=te  ^  ^ 


ND  =(^  +  1)125  Equation  (1) 

where  a  =  the  digital  number  recorded  for  MSS  band  5  (0.6  to  0.7  um), 
b  =  the  digital  number  recorded  for  MSS  band  7  (0.8  to  1.1  um), 
and  the  other  numbers  are  constants  which  keep  ND  values  within 
a  0  to  225  range  for  normal  conditions. 

Although  the  spatial  resolution  of  Landsat  is 
marginal  for  monitoring  biomass  changes  along  Piceance  Creek,  it  is  adequate  for 
the  upland  range  areas  characteristic  of  most  of  the  Piceance  Creek  Basin. 

It  should  be  emphasized  that  these  indices  respond 
only  to  green  vegetation  and  they  must  be  used  at  the  appropriate  time  of  the 
year.  Senescent  (brown)  vegetation  is  spectrally  similar  to  bare  ground  and 
cannot  be  distinguished  by  Landsat  imagery. 

4.2.5  Discussion  and  Results 

4.2.5.1  Field  Measurement  Results 

The  field  measurement  program  conducted  by  C.B.  was 
carried  out  successfully  and  produced  a  reliable  record  of  biomass  variations 
during  the  growing  season  (May  to  September).  The  field  data  were  used  to 
calibrate  the  ND  vegetation  index,  producing  the  results  described  here. 

Figure  4.2.5-1  shows  a  plot  of  the  ocular  estimates 
for  the  meadow  sites  on  August  8,  1980.  The  scatter  around  the  regression 
equation  derived  from  the  clipped  data  is  minimal  and  verifies  the  quality  of 
the  data  obtained  from  the  field  measurements.  The  data  also  appear 
well-behaved  in  Figure  4.2.5-2  which  is  representative  of  all  meadow  and  ridge 
sites,  and  show  the  seasonal  variation  of  green  standing  crop  biomass.  The 
meadows  were  harvested  between  the  late  July  and  early  September  sample  dates. 
Also,  the  biomass  on  the  ridge  sites  is  shown  to  be  much  lower  and  gradually 
decreases  during  the  growing  season.  Although  somewhat  limited  in  the  range  of 
biomass  values  represented,  the  data  were  useful  for  calibrating  the  normalized 
difference  vegetation  index. 

4.2.5.2  Vegetation  Index  Calibration  Results 

Landsat  computer  compatible  tapes  (CCTs)  were  obtained 
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A  plot  of  ocular  estimates  of  biomass   vs.   clipped  and  weighed  actual 
values.     The  dashed  line   is   the  regression  equation  used  to  correct 
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Biomass  variations  during  the  growing  sea- 
son  for  meadow  and  ridge   (chained  Pinyon- 
Juniper)   test  sites.   Sharp  decline  of  meadow 
is  a  result  of  harvesting. 
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for  one  overpass  in  each  of  the  months  of  June,  July,  August,  and  September, 
1980.  With  the  exception  of  September,  the  field  measurements  of  biomass  were 
made  within  a  day  of  the  Landsat  overpass.  In  September  the  field  measurements 
were  conducted  on  the  3rd  and  30th  of  the  month  whereas  the  Landsat  overpass 
occurred  on  September  21.  Due  to  this  difference  in  dates  and  the  related  low 
solar  altitude  in  September,  the  September  data  were  eliminated  from  the 
analyses. 

Data  were  extracted  from  the  CCTs  for  each  of  the  10 
field  sites  for  each  image  date.  The  normalized  difference  index  was  computed 
according  to  equation  (1)  and  the  results  were  plotted  on  Figure  4.2.5-3.  The 
mean  index  value  from  Landsat  for  each  site  is  plotted  vs.  the  average  measured 
biomass  at  that  site.  The  curves  derived  by  Maxwell,  et.  aj_.  (1980)  for  range- 
land  and  irrigated  crops  where  shown  in  the  1979  AnnuaT~Report .  The  lower  part 
of  Maxwell's  curves  were  fit  to  grass  rangeland  data  (0  -  5000  kg/ha)  and  the 
upper  part  of  these  curves  intercepted  data  obtained  for  irrigated  crops  (10,000 
to  60,000  kg/ha).  Some  deviation  from  these  curves  was  expected  for  the  chained 
pinyon -juniper  ridges  and  irrigated  meadows  of  the  Piceance  Creek  Basin. 

In  general,  the  data  show  the  expected  relationship 
between  index  and  biomass  values.  The  data  from  the  ridge  sites  fall  yery  close 
to  the  curves  from  Maxwell,  et.  aj_.  (1980)  but  are  significantly  lower  than  the 
mean  (solid  line)  from  MaxweTT  presented  in  the  1979  Annual  Report.  The  high 
biomass  meadow  data  obviously  represent  a  departure  from  the  upper  part  of  the 
curve,  but  this  is  not  surprising  since  the  vegetation  index -biomass  relation- 
ship for  row  crops  would  be  expected  to  be  different  from  the  relationship  for 
grassy  meadows. 

Unfortunately,  there  is  a  large  gap  in  the  data 
between  biomass  values  of  1,000  kg/ha  and  5,000  kg/ha.  Furthermore,  the  meadow 
and  ridge  vegetation  is  quite  different  and  a  smooth  connection  between  these 
data  sets  may  not  exist.  Nevertheless,  the  heavy  line  in  Figure  4.2.5-3  is  use- 
ful for  estimating  biomass  values  in  the  Piceance  Creek  Basin.  Future  data  will 
further  define  this  curve. 

4.2.5.3  Filtering  Algorithm  Results 

The  filtering  analysis  has  clearly  shown  the  differ- 
ent characteristics  of  the  moving  average  (MA)  and  minimum  variance  (MV) 
algorithms.  The  decision  to  use  one  or  the  other  depends  on  the  particular 
characteristics  of  the  scene  being  considered  and  the  specific  application  at 
hand.  One  to  six  iterations  of  the  MV  filter  were  analyzed.  Optimum  results 
for  this  data  set  appeared  to  be  contained  from  six  iterations  and  only  these 
MV  results  will  be  shown. 

Figure  A4.2.5-1  is  a  graymap  of  MSS  Band  7  of  the 
area  used  to  test  the  filtering  algorithms.  The  transect  used  to  observe  the 

effect  of  filtering  on  boundaries  is  outlined.  Figure  A4.2.5-2  is  a  Band  7 
graymap  of  the  same  area  after  the  MA  filter  had  been  employed  and  Figure 
A4.3.5-3  shows  the  area  after  six  iterations  of  the  MV  filter. 
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The  differences  in  these  Band  7  graymaps  show  the 
effects  of  the  filtering  algorithms.  Both  Figures  A4. 2.5-2  and  A4.2.5-3  show  a 
reduction  in  "salt  and  pepper"  noise.  Figure  A4.2.5-3  has  retained  more  of  the 
structure  of  the  scene,  however,  and  has  actually  sharpened  the  boundaries 
between  some  portions  of  the  scene.  The  MA  filter  has  broadened  narrow  features 
and  boundaries.  This  is  more  evident  in  Figure  A4.2.5-4  where  Band  7  values 
across  the  transect  are  displayed  for  unfiltered,  MA  and  MV  filtered  data. 
Obviously  the  MA  filter  (Figure  A4.2.5-4)  has  accomplished  the  most  smoothing, 
but  to  the  detriment  of  narrow  features.  Even  the  broad  Piceance  Creek  meadow 
has  been  severely  distorted.  Figure  A4.2.5-5  shows  transects  for  Band  5  with 
similar  results. 

As  long  as  "noise"  variations  are  primarily 
represented  by  pixel  to  pixel  variations,  the  MV  filter  is  definitely  superior. 
If  noise  were  occurring  in  groups  of  3  or  more  pixels,  however,  this  filter 
would  not  effect  much  smoothing,  but  in  fact,  might  tend  to  further  enhance  such 
large  noise  features.  The  use  of  filters  should  always  be  designed  for  each 
scene,  remote  sensing  system,  and  application.  Use  of  filters  should  be  based 
on  the  system  modulation  transfer  function,  the  spatial  frequency  content  of  the 
scene,  and  the  desired  objectives. 

4.2.5.4  Vegetation  Index  and  Change  Detection  Results 

The  normalized  difference  value  of  the  vegetation 
index  used  in  this  analysis  can  be  represented  in  simple  form  as: 

wn  =  Band  7  -  Band  5 
Band  7  +  Band  5 

Band  7  characterizes  enhanced  infrared  reflectance  where  as  Band  5  illustrates 
the  effects  of  chlorophyll  absorption. 

A  derivation  in  the  appendix  of  last  year's  report  was 
presented  to  stress  that  the  normalizing  effect  of  the  vegetation  index  can  be 
expected  to  improve  comparisons  between  data  by  the  reduction  of  atmospheric, 
topographic,  and  soil  background  variations. 

Figures  4.2.5-4  and  A4.2.5-6  to  A4.2.5-12  are  graymaps 
of  the  vegetation  index  for  the  flight  image  dates.  Subareas  one  and  two  are 
the  portions  of  the  test  area  indicating  regions  of  substantial  green  biomass. 
Subareas  three  through  six  show  no  obvious  topographic  influence.  Comparison  of 
these  vegetation  graymaps  with  Figure  4.2.5-5  (a  black  and  white  aerial 
photograph  of  the  region)  indicates  that  any  topographic  relief  in  the 
vegetation  index  map  is  generally  a  result  of  low  vegetation  associated  with  the 
topography  (note  the  northern  bank  of  Piceance  Creek). 

By  comparing  the  June  1977,  June  1979  and  June  1980 
image  dates,  one  can  note  a  general  increase  in  biomass  from  1977  -  1980.  This 
is  to  be  expected  since  1977  was  a  drought  year,  1979  was  closer  to  normal  and 
1980  is  considered  a  wet  year.  Later  in  the  growing  season  of  each  year, 
comparisons  show  an  increase  in  biomass  from  August  1977  to  August  1979  and 
August  1980,  with  a  decrease  shown  from  August  1979  to  August  1980.  This 


33 


THE  CMAkACTEH 

SET 

Ub£0  FOR  DlSt^LAY  IS 

faHEEN  BIOMASS 

(Ku/MA) 

FROM 

0.00 

TO 

90.00 

OISPLAYEO 

M 

0  (KATtH) 

FHOM 

91.00 

TO 

121.00 

UISPLAYED 

0  (bAHt  SOIL) 

FHOM 

122.00 

TO 

125.00 

DISPLAYED 

. 

0  -  17i, 

FROM 

126.00 

TO 

130.00 

DISPLAYED 

♦ 

175  -'.75 

FROM 

131.00 

TO 

137.00 

DISPLAYED 

• 

•♦75  -  bOO 

FROM 

13b. 00 

TO 

147.00 

DISPLAYED 

s 

bOO  -  1525 

FROM 

Ud.OO 

TO 

157.00 

DISPLAYED 

• 

1525  -  2950 

FROM 

15U.00 

TO 

169.00 

DISPLAYED 

X 

2950  -  6300 

FROM 

170.00 

TO 

IbO.OO 

DISPLAYED 

0 

6J00  -  10900 

FROM 

181.00 

TO 

191.00 

DISPLAYED 

e 

1090U  -  13000 

FROM 

192.00 

TO 

202.00 

DISPLAYED 

9 

>  13000 

FROM 

203.00 

TO 

213.00 

DISPLAYED 

• 

>  13000 

FHOM 

2U.00 

TO 

256.00 

DISPLAYED 

a 

>  13000 

000000000000000000000000000000000000000000000000000000000000000000000000 
00  0  000  00011  1  111  nil222222222<:J333333J3J*4'.*4%-.44'»555555555566666666bb777 
123'»3t>7a901234567b9Ul2j'«56789U1234567b90 123*367890 123456  7b901 23456  7b90  12 


1 

2 
3 

4 

5 
6 
7 
d 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 


e««eeooou. .9»»*»«» 

•«J6e.  ..08**«*oooee 
♦ee=.. ..♦♦.♦•♦♦»•• 


.....••••♦< 


>*«•***••♦*«* 


■ ♦♦♦♦•►•♦•♦ 

►....♦♦♦♦♦♦=♦♦♦ 


setiao. ...♦♦♦♦♦♦< 

9*tl  JOUX  =  =  ***     « 

i00oe«»9t!»««9  .,...♦♦•♦.••♦•.♦♦•♦♦•••♦.♦♦♦♦ 

7oo©o«)te«»e&»«i  ♦♦♦♦♦♦♦♦♦♦♦.  .♦♦••♦♦•••♦♦.•♦♦ 

.••♦♦•====»»»«..«==x8e»®«ei99i********.  ♦.♦♦♦•**♦♦•♦♦♦..♦•♦ 

►  ••=♦♦♦  =  ♦••••♦♦♦•»  ♦=  =  0ei«»i»S»«llH9g*»***.  .♦.♦♦♦•••♦••♦....♦. 
>••==♦♦==♦•=••  ••♦♦.  =  =  ..«i#«»«§999H8a  ♦♦...♦♦•♦♦•♦  ♦••♦♦♦.... 

.♦♦===♦♦=====♦♦•♦.♦.».♦♦»»(»«(«,  ftussaeja*,,.  ♦•♦•••♦  •••♦♦♦.,.♦ 

.♦♦♦  =  #♦♦♦♦♦  =  =  ♦♦•♦  ♦•♦♦♦♦♦♦♦(»«0OS99Btja»...  ♦••♦♦♦••♦♦♦♦♦..♦ 
►.»♦••♦♦♦•••♦••♦♦♦••♦•♦ ♦•♦••♦OOUSKBi***. .♦••♦♦•♦••♦♦•♦♦,♦ 


e* ♦.♦♦♦♦♦♦♦==•••♦♦♦♦♦♦♦. .♦•♦•♦♦♦♦. ♦♦••♦♦♦♦••••getsweees*. . *^ •••••< 


^6t»eu .  se800be»««6»«i99 


:•••***•••«**•*•.,**•••*•«••••*•••..*••*=====< 


-..♦••♦♦.. 
"..♦•♦•♦.< 


.■  •  *  * 


r%  =  j<»»»  ♦  •  ♦  ♦  ♦ . 


(•••••♦♦♦-I 


,»••••** 


, , , , .♦♦. ►♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦, , , , •♦♦♦♦♦^  ^ , , .«♦••#• 
•1^^^^^^^^^^  >•♦♦•♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦,,»,♦«♦♦♦♦.,,♦♦♦♦•♦• 


.,,•♦♦•♦,••••♦,,♦♦♦♦•♦•< 


►♦♦.♦•♦♦♦♦♦♦.♦♦♦♦♦♦♦♦ 
, ^ , ,  •♦♦ ♦♦ , ♦♦♦♦♦♦♦♦♦♦♦ 


•♦♦♦♦♦. .. 


►♦. . .  .»♦♦. . 


►•♦♦•♦....♦ 
►♦♦•♦..♦.. 


♦♦♦•♦♦♦♦♦»♦♦♦♦♦♦♦+♦,,♦ 
♦♦♦♦•♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦, ^ 
♦♦♦♦♦♦♦♦♦♦♦♦•♦♦#♦♦♦♦♦ 


,,♦♦♦♦♦♦♦■•♦♦♦♦♦.,♦.,♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦♦#♦♦♦♦♦♦, 

, , ,  .♦♦•.«♦■.•.♦-.#**•.  +  ♦•♦■.  ♦.^2k*'.*#^«  ♦♦♦♦♦•♦♦♦, ,  ,.♦♦. 


♦  ♦♦♦■♦^^♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦•♦, ♦♦♦♦♦♦♦♦♦•♦, ♦♦♦♦♦•♦♦♦♦♦♦♦♦♦  I^J.  ♦♦♦♦♦♦ 


•  •• 


♦•♦••♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


SX*«... *«..♦•♦. ##•£♦. ♦♦♦♦♦.=*♦. 


►♦♦♦♦♦♦♦♦♦♦••♦♦♦♦_♦♦ 


•••••••• 


FIGURE  4.  2.5-4 


Graymap  of  the  Vegetation  Index  (Normalized 
Difference).  June,  1977  Image  Date. 
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FIGURE  4..2-.5-5 

Aerial  Photograph  of  Piceance  Creek  Test  Area 
September  5,  1979  Image  Date. 
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decrease  could  be  due  to  length  of  the  growing  season,  degree  days  during  the 
growing  season,  or  the  total  precipitation  during  the  summer  months.  Results 
are  supported  by  the  maps  of  change  detection  shown  in  Figures  A4.2.5-13  to 
A4.2.5-18. 

Figures  A4.2.5-19  to  A5.2.5-23  show  the  seasonal 
change  detection  graymaps  produced  by  the  comparisons  of  June  vs.  August  1977, 
June  vs.  August  1979  and  June  vs.  July-September  1980.  The  uplands  areas  are 
characterized  by  a  negative  change  except  for  1979  which  again  indicates  that 
August  of  1979  was  a  high  biomass  month.  The  riparian  areas  are  characterized 
by  fluctuating  changes  between  positive  and  negative  changes.  These 
fluctuations  could  be  due  to  harvest  of  the  hay  fields. 

Table  4.2.5-1  is  a  summary  of  both  between-years  and 
seasonal  change  for  each  study  site.  The  information  included  in  this  table  is: 

1.  Mean  index  value  for  each  site. 

2.  Percent  change  in  the  means  using  the  image  date  in  the  first  column  as  a 
reference. 

3.  Mean  index  value  for  each  site  after  differencing. 

4.  Type  of  change  associated  with  the  differenced  index  value. 

Note:  Item  4  describes  any  significant  change  whereas  item  2  describes  any 
change  in  the  means. 

The  significance  for  each  site  shown  in  the  table  is  as  follows: 
Site 

1  -  Located  in  the  riparian  area  along  Piceance  Creek  below  the  Pond  A/B 

discharge  point. 

2  -  Located  in  the  riparian  area  along  Piceance  Creek  above  the  Pond  A/B 

discharge  point. 

-  Changes  in  sites  1  and  2  could  be  and  most  likely  are  due  to  harvest  of 
these  grassland  areas  for  hay. 

3  -  Located  off-tract  in  the  chained  pinyon-juniper  area,  suspected  to  be  an 

area  to  register  the  maximum  dewatering  effects. 

4  -  Located  on-tract  in  the  sprinkler  irrigation  system  area  to  show  the 

influence  of  the  sprinkler  system.  Operation  of  the  irrigation  system 
started  in  June,  1980  therefore  making  data  for  1977  and  1979  not  applicable 
for  this  purpose. 

5  -  Located  on  tract  as  a  control  area  for  sites  3  and  4. 

6  -  This  is  a  large  site,  approximately  16  x  27  pixels,  surrounding  and 

including  the  disturbed  area  of  the  development  site.  The  primary  purpose 
is  to  monitor  the  changes  due  to  construction  and  development  in  this  area. 

4.2.6  Conclusions 

The  results  of  this  analysis  have  shown  that  Landsat  derived 
vegetation  indices  can  be  used  to  measure  green  standing  crop  biomass  in  the 
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TABLE  4.2.5-1 

Summary  of  Change 
June  1977  -  September  1980 
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91    1  = 

2   !  172  I  ••• 

159  1  -8% 

179  1  ♦4% 
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1  •••  1  ••• 

a7   1  — 

103  1  ♦ 

105  1  = 
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AUG   1980 
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...  1  ... 
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95   1  = 

99   1  = 

5 
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6 
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LEGEND 

•  ••  -  NO  VALUES  ((REFERENCE  DATE) 


-FAN  INOE"  VALUE 


MPAN  TNDFlf  VALUE 
AFfE"  DIFFERENCING 


%    CHANGE  OF  MEAN 


TYPE  OF  CHANGE 
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type  of  change: 

negative  (strong) 

—  negative  (milo) 

negativf 
=   no  change 

♦     PO'^ITIVE 

♦.   POSITIVE  (HILD) 

♦♦.  POSITIVE  (STRONG) 


Piceance  Creek  Basin.  Figure  4.2.6-1  shows  the  results  of  generating  a  map  by 
assigning  letters  to  the  index  values  from  the  calibration  curve  for  meadows  (M) 
and  ridges  (R).  The  relationships  between  ND  index  value  and  biomass  is  similar 
to  that  found  by  Maxwell,  et.  al .  (1980)  for  grass  rangeland  and  irrigated 
crops. 
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FIGURE  4.2.6-1 
Graymap  Illustrating  Calibration  Curve  Ranges 
R  =  Ridges     M  =  Meadows  •  =  disturbed  areas 
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5.0  HYDROLOGY  AND  WATER  QUALITY 

5.1  Introduction  and  Scope 

A  development  monitoring  program  has  been  implemented  to  provide  water 
quantity  and  quality  data  to  determine  if  changes  in  flows  or  parameters  exist, 
and  if  changes  are  detected,  to  determine  whether  the  changes  are  natural  or 
caused  by  development  of  the  C-b  Tract.  Streams,  springs,  seeps,  and  wells  in 
the  the  alluvium,  upper  and  lower  aquifers  have  been  monitored  since  baseline. 
The  program  was  expanded  in  1979  to  accommodate  monitoring  required  by  the  Water 
Augmentation  Plan  and  Court  Decree  (W3492)  which  includes  monitoring  of  water 
pumped  from  shafts  and  the  mine  as  it  is  developed,  and  additional  monitoring  of 
springs,  wells,  and  precipitation  stations.  The  generalized  and  simplified  two- 
layer  aquifer  system  concept  guided  the  measurements  of  flows,  levels,  and  water 
quality  parameters.  Figure  5.1-1  shows  the  generalized  concept  along  with  the 
more  detailed  set  of  aquifer  units  and  the  interval  planned  for  retorting  at 
Tract  C-b. 

This  chapter  presents  the  hydrologic  analyses  performed  on  data  col- 
lected, with  emphasis  on  data  collected  since  October  1979.  Quality  assurance 
procedures  have  been  previously  discussed  in  the  Development  Monitoring  Reports. 
Discussion  is  separated  into  two  parts:  levels  and  flows,  and  water  quality. 

In  the  baseline  program  all  parameters  measured  were  selected  without 
previous  knowledge  of  their  importance.  For  example,  water  quality  monitoring 
was  instituted  on  ephemeral  streams  without  knowledge  of  the  flows.  In  addition, 
the  baseline  program  revealed  certain  deficiencies  in  earlier  concepts  of  the 
tract  hydrology.  The  baseline  program  confirmed  the  complexity  in  hydrology  and 
geology  that  was  previously  suspected.  The  earlier  generalized  description  of 
two  aquifers  separated  by  the  Mahogany  zone  is  now  outdated  as  supporting  data 
show.  A  simplification  of  the  more  complex  system  is  shown  in  Figure  5.1-1, 
including  strata  that  have  been  tenatively  considered,  at  least  locally,  to  be 
aquitards.  For  purpose  of  identification,  the  new  subdivisions  are: 

1)  UPC^  -  Upper  Parachute  Creek  #1:  Approximate  limits  extend  from  the 

Uinta  Formation  to  the  top  of  the  4  Senators  Zone. 

2)  UPC2  -  Upper  Parachute  Creek  #2:  Extends  from  the  base  of  the  4 

Senators  Zone  to  the  base  of  the  A-Groove. 

3)  LPC3  -  Lower  Parachute  Creek  #3:  Extends  from  30  feet  below  the  base  of 

the  A-Groove  to  the  top  of  the  R-5  Zone. 

4)  LPC4  -  Lower  Parachute  Creek  #4:  Extends  from  the  middle  of  the  R-5  Zone 

to  the  base  of  the  L-4  Zone. 

The  interval  encompassed  by  the  UPC2  and  LPCo  subdivisions  of  the 
aquifer  system  conforms  to  the  zone  presently  planned  for  retorting.  This  one 
will  be  dewatered  during  mining  operations.  Several  bedrock  wells  were 
recompleted  according  to  the  more  complex  aquifer  systems.  Under  the  present 
development  plans  for  C.B.,  the  hydrologic  monitoring  program  was  revised  to 
cover  the  changing  phases  of  development.  The  first  phase  covered  the  period 
from  the  completion  of  the  interim  monitoring  period  to  the  completion  of 
shafts.  The  second  phase  covers  the  period  of  lateral  drifting  and  mine 
dewatering  to  retort  construction.  The  third  phase  will  cover  the  period  of 
retort  ignition  and  commercial  mine  construction  and  operation. 
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5.2  Levels  and  Flows 
5.2.1.  Streams 

5.2.1.1  Scope 

Thirteen  stations  on  or  near  C-b  Tract  are  operated 
and  maintained  by  the  U.S.G.S.  Water  Resources  Division.  Nine  of  the  13 
stations  are  located  on  ephemeral  streams,  and  the  other  four  are  considered 
major  stations  on  perennial  streams,  and  record  stream  flow  continuously. 

5.2.1.2  Objectives 

The  surface  stream  monitoring  program  has  been  imple- 
mented to  determine  if  significant  changes  exist  in  levels  and  flows,  and  if 
changes  are  identified,  to  determine  whether  these  changes  are  attributable  to 
C-b  Tract  development. 

5.2.1.3  Experimental  Design 

The  monitoring  network  is  conceptually  the  same  as 
that  used  during  the  baseline  period.  Figure  5.2.1-1  is  a  map  of  the  Tract  show- 
ing the  locations  of  nearby  surface  water  monitoring  stations  included  in  the 
environmental  monitoring  program.  Remote  stations  are  shown  in  Figure  2.2-1 
(map  pocket).  The  monitoring  program  uses  the  stations  included  in  the  baseline 
program  and  one  new  station  on  Piceance  Creek  (Table  5.2.1-1). 

Each  of  the  stations  listed  in  Table  5.2.1-1  were 
operated  according  to  the  sampling  schedule  shown  on  Figure  5.2.1-2.  Since  some 
stations  are  located  on  ephemeral  stream  courses,  only  intermittent  flows  were 
recorded. 

5.2.1.4  Methods  of  Analysis 

Analyses  were  performed  by  inspection  of  the  hydro- 
graphs  of  daily  mean  flow,   by  comparison  of  total   and  mean  annual   streamflow 
data,   by  analysis  of  ratios  of  flows  from  different  stations,    and  by  analyzing 
the  trends  over  time  using  the  Box-Jenkins  statistical   technique.     The 
Box-Jenkins  technique  is  briefly  described  in  the  Appendix  as  A5.2.1.4. 

5.2.1.5  Discussion  and  Results 

Hydrographs  of  daily  mean  flow  for  stations  WU07, 
WU61,  and  WUOO  are  shown  in  Figure  5.2.1-3  (period  October  1973  through  Septem- 
ber 1977)  and  Figure  5.2.1-4  (period  October  1977  through  September  1980). 

The  hydrographs  show  the  seasonal  influences  of 
runoff,  evapotranspiration,  and  irrigation  diversions.  About  65  percent  of  the 
irrigation  diversions  occur  in  the  late  spring  and  early  summer  (April  to  July). 
Some  30  percent  of  the  diversions  occur  in  late  summer  and  early  fall  (August  to 
October).  These  diversions  are  reflected  in  the  hydrographs,  although  those 
years  where  the  spring  is  unusually  wet  will  deviate  from  the  pattern,  e.g. 
1979. 
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Figure  5.2.1-3 
HYDROGRAPHS  OF  DAILY  flEAN   FLOW   FOR  STATIONS 
WU07,  WU61    AND  WUOO 

(October  1973-September  1977)                         J 
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Total  annual  and  mean  daily  stream  flows  for  stations 
WU07,  WU61,  WUOO,  WU22,  and  WU58  are  given  in  Table  5.2.1-2.  These  can  be 
compared  with  the  stream  flow  for  1980.  The  fall  of  1979  and  winter  of 
1979-1980  were  exceptionally  wet  and  several  precipitation  stations  reported 
heavy  precipitation  events  in  May.  The  many  storms  account  for  part  of  the 
above  average  stream  flow.  On  Piceance  Creek,  the  1979  and  1980  water  years 
have  exhibited  the  greatest  annual  flows  on  record.  New  maximum  daily  stream 
flow  records  were  set  at  WU07,  WU58,  and  WU61.  The  new  maximum  flows  at  WU07  and 
WU61  were  recorded  on  May  17  and  May  13.  The  Little  Hills  weather  station 
recorded  precipitation  events  in  excess  of  0.40  inches  on  May  1  (0.45  in.).  May 
7  (0.45  in.).  May  11  (0.54  in.),  and  May  17  (0.47  in.).  Meteorological  station 
AB23  on  the  C-b  Tract  recorded  0.45  inches  on  May  11.  According  to  these 
stations.  May  1980  was  a  wet  month  but  not  as  wet  as  April  and  May  of  1979. 

The  new  daily  maximum  flow  at  WU58  was  recorded  August 
15.  Meteorology  station  AB20  recorded  1.37  inches  of  precipitation  in  July  and 
0.86  inches  in  August,  while  station  AB23  recorded  0.65  in  July  and  0.62  in 
August.  The  new  minimum  daily  flow  at  WU58  was  recorded  on  May  10  and  minimum 
daily  flows  at  WU07  and  WU61  were  recorded  in  September. 

The  ratio  of  flow  at  WU07  to  that  at  WU61  was 
calculated  for  all  years  since  1974.  The  low  was  0.50  in  1977  and  the  high  was 
0.89  in  1978.  The  ratio  for  1980  was  0.76,  i.e.  the  flow  past  WU07  averaged  72 
percent  of  the  flow  past  WU61. 

Flow  for  1980  at  WU42,  a  new  station  measuring  dis- 
charge from  No  Name  Gulch,  totaled  275.2  acre-feet,  about  1  percent  of  the  flow 
at  WU61. 

Trend  analysis  by  means  of  the  Box-Jenkins  statistical 
analysis  technique  for  flows  at  stations  WU07  and  WU61  concluded  that  no  time 
trends  exist  in  the  data.  Summaries  of  the  Box-Jenkins  analysis  are  included  in 
the  Appendix  Volume  2A  as  Tables  A5.2.1-1  and  A5.2.1-2. 

5.2.2  Springs  and  Seeps 

5.2.2.1  Scope 

The  flow  from  natural  springs  and  seeps  provides  a 
substantial  fraction  of  the  volumetric  low-level  stream  flows  to  Piceance  Creek. 
The  source  areas  for  the  springs  have  not  been  documented,  and  the  hydrologic 
relationships  are  imperfectly  known.  Although  none  of  the  springs  studied  are 
actually  on  the  C-b  Tract,  all  are  close  enough  that  they  may  or  may  not  be 
affected  by  significant  changes  in  the  groundwater  system  caused  by  mining 
activities. 

Through  the  baseline  phase,  flow  data  were  obtained 
from  nine  springs  located  on  the  west  and  east  boundary  of  the  Tract  and  along 
Piceance  Creek  (Figure  5.2.2-1).  Monitoring  of  three  new  additional  springs  was 
initiated  to  comply  with  the  Water  Augmentation  Plan.  The  new  springs  are  S-lOA 
adjacent  to  S-10,  S-101  in  West  Stewart  Gulch,  and  S-102  on  Piceance  Creek,  just 
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downstream  from  the  confluence  of  No-Name  Gulch  and  Piceance  Creek  (Figure 
5.2.2-1). 

Figure  5.2.2-2  shows  the  springs  and  seeps  identifica- 
tion numbers  and  the  sampling  schedule  for  measurement  of  flows. 

Precipitation  data  have  been  gathered  at  meteorologi- 
cal stations  both  on  and  immediately  off  the  Tract  and  used  for  comparison  with 
spring  flows. 

5.2.2.3  Experimental  Design 

The  design  concept  is  to  measure  the  flow  of  springs 
and  seeps  on  a  weekly  schedule  throughout  the  year,  and  to  use  the  data  produced 
to  attempt  to  determine  the  location  of  source  areas  for  springs.  If  the  source 
were  proximal,  precipitation  on  or  near  the  Tract  should  be  reflected  quite 
rapidly  in  the  spring  outflow.  In  addition,  periods  of  little  or  no  precipita- 
tion or  drought  conditions  should  cause  reduction  in  spring  flows. 

5.2.2.4  Methods  of  Analysis 

Correlations  were  made  between  precipitation  data     and 
flows  from  individual   springs.     In   addition,   spring  flows  have  been  examined 
statistically  by  linear  regression  analysis  to  identify  linear  trends  over  time 
that  may  exist.     This  analysis  was  performed  both  on  a  long-term  basis  using 
baseline  and  subsequent  data,   and  on  a  short-term  basis  using  data  for  the  1980 
water  year. 

5.2.2.5  Discussion  and  Results 

Total  monthly  precipitation  at  two  meteorology 
stations,  AB20  and  AB23,  was  plotted  against  average  monthly  flow  from  each  of 
five  representative  springs  (WSOl,  WS02,  WS03,  WS06,  WS09) .  Linear  regression 
analysis  of  these  two  variables  showed  that  no  correlation  exists  for  either 
long-term  or  short-term  flows.  The  values  for  each  correlation  are  presented  in 
Table  5.2.2-1. 

The  results  of  the  correlations  at  some  springs  are 
not  surprising.  For  example,  the  time-series  pattern  for  spring  WS09  (Figure 
5.2.2-3)  is  so  consistent  as  to  suggest  a  recharge  area  some  distance  away. 
However,  because  WS09  rises  through  the  alluvium,  it  is  possible  that  extremes 
dampened. 

Flow  data  from  some  springs  are  suspect  for  reasons 
described  below  and  correlation  between  some  springs  with  on-Tract  precipitation 
should  be  considered  tentative  until  the  data  are  certified.  For  example, 
springs  WSOl  and  WS03  are  used  for  irrigation.  The  flume  for  WS03  receives 
return  flow  from  WSOl  which  is  diverted  into  the  field  above  its  flume.  Hence 
during  periods  of  irrigation,  measurements  at  the  flume  for  WSOl  will  be  lower 
than  normal  and  measurements  at  the  flume  for  WS03  will  be  correspondingly 
higher.  This  relationship  can  be  seen  in  Figure  5.2.2-4  which  is  a  graph  of 
flows  from  these  two  springs.  Without  interfering  with  the  agricultural 
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TABLE   5.2.2-1 

Long-Term  and  Short-Term  Correlations 
Between   Precipitation  and  Spring  Flow 


Meteorology 

Spring 

Station 

n* 

a** 

WSOl 

AB23 

33 

0.3110 

No  Correlation 

AB20 

33 

0.3733 

II 

AB23 

12 

0.3939 

II 

AB20 

12 

0.9215 

II 

WS02 

AB23 

29 

0.1048 

No  Correlation 

AB20 

29 

0.3045 

II 

AB23 

11 

0.6675 

II 

AB20 

12 

0.6133 

II 

WS03 

AB23 

29 

0.7219 

No  Correlation 

AB20 

20 

0.9110 

II 

AB23 

10 

0.6352 

II 

AB20 

10 

0.9928 

II 

WS06 

AB23 

35 

0.5392 

No  Correlation 

AB20 

34 

0.5597 

II 

AB23 

n 

0.2243 

II 

AB20 

10 

0.1044 

II 

WS09 

AB23 

37 

0.9967 

No  Correlation 

AB20 

37 

0.9458 

II 

AB23 

12 

0.4187 

II 

AB20 

11 

0.1755 

II 

*  n  <  12  identifies  short-term  analysis, 


**  a  <  0.05  implies  correlation  at  5%  level  of  significance. 
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FIGURE  5.2.2  -  3 

WATER  FLOWS  FOR  SELECTED  SPRINGS 
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WATER  FLOWS  FOR  SELECTED  SPRINGS 
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practices  of  the  site,  normal  flow  patterns  for  these  springs  cannot  be 
established. 

Of  the  other  springs  near  the  Tract,  only  flow  data 
from  WS02,  WS04,  WS09,  and  WS12  are  certified  as  reliable  through  baseline. 
Data  from  WS06  was  skewed  by  local  irrigation  practices  but  should  be  reliable 
since  the  installation  of  the  second  flume  (06A)  in  June,  1980.  WS07  is  believ- 
ed to  have  a  leaking  pond,  therefore  the  reliable  period  of  this  spring  is  not 
known.  The  flow  in  spring  WS08  appears  to  be  receiving  some  influence  through 
fractures  from  a  nearby  irrigation  canal.  Problems  in  flow  measurements  at  WSIO 
were  caused  by  winds  from  certain  azimuths.  The  wind  appeared  to  cause  the  water 
to  accumulate  at  the  mouth  of  the  flume  giving  incorrect  levels.  The  installa- 
tion of  an  additional  flume,  WS36,  should  provide  correct  flow  data  for  WS06  in 
the  future. 

Tables  A5.2.2-1  and  A5.2.2-2  in  the  Appendix  are  the 
results  of  the  initial  screening  of  flow  data  for  trends  by  linear  regression 
analysis  at  a  five  percent  level  of  significance.  Table  5.2.2-2  summarizes  the 
results  of  the  analysis.  Problems  described  above  indicate  that  long  term  trend 
analysis  should  be  considered  tentative  except  for  WS02,  WS04,  and  WS09. 
Figures  5.2.2-3  and  5.2.2-4  include  flow  data  for  these  three  springs  from 
initial  data  collection  through  October,  1980.  None  of  the  data  from  these 
springs  show  linear  trends.  General  linear  analysis  was  also  performed  on  data 
from  WSOl,  WS03,  and  WS06.  Both  WS03  and  WS06  exhibited  linear  trends,  but 
based  on  the  foregoing  discussion,  this  statistical  manipulation  must  be  con- 
sidered tenative. 

From  a  statistical  standpoint,  to  say  that  a  linear 
model  fits  certain  data  or  has  a  linear  trend  implies  certain  conditions,  limi- 
tations, and  assumptions,  one  of  which  is  that  the  slope  of  the  model  is  other 
than  zero.  The  pattern  of  flows  from  WS04  and  WS09  appear  linear  (Figures 
5.2.2-3  and  5.2.2-4)  even  though  the  slopes  of  the  models  were  zero.  This  would 
explain  why  the  linear  model  did  not  fit  the  long-term  data. 

The  linear  model  fits  the  short-term  data  for  most  of 
the  springs.  The  linear  model  did  not  fit  the  short-term  flow  data  from  WS02, 
and  as  explained  above,  the  reason  could  be  that  the  slope  was  zero.  The  linear 
model  did  not  fit  the  flow  from  WS12  and  WS36  because  the  number  of  data  points 
were  insufficient.  Fewer  data  points  require  greater  r-value  to  show  statis- 
tical significance. 

The  ability  to  recognize  trends  is  important  in  moni- 
toring the  development  activities  on  the  C-b  Tract.  However,  there  are  problems 
associated  with  analyzing  trends  of  hydrologic  data  in  the  Piceance  Creek  Basin. 
For  example,  on  17  May  1973,  the  Rio  Blanco  nuclear  test  occurred  about  eight 
miles  west  of  the  C-b  Tract.  There  was  an  immediate  increase  in  flows  from 
springs  and  in  some  instances,  flows  doubled.  The  increase  in  stream  flow 
attributed  to  the  nuclear  test  was  discussed  at  length  in  the  Final  Report  of 
the  Environmental  Baseline  Program  (Vol.  2,  page  35,  ff)  and  will  not  be  discus- 
sed here.  It  would  be  difficult  to  say  with  any  degree  of  certainty  that  a  de- 
crease in  flow  from  a  certain  spring  is  attributable  to  Tract  C-b  activities 
or  a  normal  return  to  natural  conditions  following  the  Rio  Blanco  Test. 
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TABLE  5.2.2-2 

Summary  of  Short-Term  and  Long-Term  Linear  Regression  Analysis 

for  Selected  Springs,  Tract  C-b 


Station 
(Springs) 

n* 

a** 

Slope 
Cfs/mo. 

Existence  of  Trend 

Long-Term 

WS02 

45 

0.3137 

0.00008 

No  Linear  Trend 

WS09 

43 

0.1482 

0.00005 

No  Linear  Trend 

C.B.  Sprin( 

!1 

Short-Term 

No  Linear  Trend 

WS02 

12 

WS04 

12 

0.02 

0.00006 

Linear  Trend 

WS09 

12 

0.007 

0.0019 

II 

WS36 

7 

No  Linear  Trend 

WS12 

4 

No  Linear  Trend 

Selected  W< 

iter  1 

^ugmentaf 

ion  Springs 

Linear  Trend 

WS22 

12 

0.003 

0.0006 

WS23 

12 

0.01 

0.0044 

II 

WS24 

12 

0.03 

0.003 

II 

WS27 

12 

0.04 

0.0005 

II 

WS31 

12 

0.03 

-0.0016 

11 

WS34 

12 

No  Linear  Trend 

*  n  >  12  implies  long-term  data;  n <  12  implies  short-term  data, 


**  a  <  0.05  implies  a  linear  trend. 
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In  summary,  correlations  between  precipitation  at  C-b 
meteorology  stations  and  flow  from  springs  do  not  exist.  This  would  imply  that 
events  that  occur  on  the  surface  of  the  Tract  do  not  have  a  major  effect  on  flow 
from  the  springs.  As  shown  by  general  linear  modeling,  long-term  linear  trends 
do  not  exist. 

General  linear  modeling  indicates  a  trend  for  average 
monthly  flow  over  the  past  year.  The  slope  of  each  regression  line  is  small 
(none  are  greater  than  0.003).  Of  ten  springs,  five  show  positive  slope  and 
five  show  negative  slope. 

Considering  these  analyses,  it  currently  appears  that 
there  is  no  significant  effect  of  development  activities  on  spring  flow.  How- 
ever, the  data  may  be  masked  by  the  Rio  Blanco  Nuclear  Test  of  1973. 

5.2.3  Alluvial  Wells 

5.2.3.1  Scope 

The  Development  Monitoring  Plan  discusses  the  fourteen 
alluvial  monitoring  wells.  The  well  locations  are  shown  in  Figure  5.2.3-1. 
Figure  5.2.3-2  shows  the  sampling  intervals  for  each  well. 

5.2.3.2  Objectives 

The  present  objective  of  monitoring  the  water  level  in 
each  alluvial  well  is  to  detect  changes  in  the  water  levels  in  the  alluvium  of 
Piceance  Creek  and  its  tributaries  that  are  on  or  adjacent  to  the  Tract,  and  if 
significant  changes  are  attributable  to  activities  on  Tract  C-b. 

5.2.3.3  Experimental  Design 

Monthly  measurements  of  water  levels  in  the  alluvial 
wells  were  continued  during  1980.  The  data  were  subsequently  analyzed  according 
to  methods  described  in  5.2.3.4 

5.2.3.4  Method  of  Analysis 

A  general  linear  regression  model  was  applied  to  water 
level  data  from  the  wells  shown  in  Figure  5.2.3-2.  Time  series  plots  of  the 
water  levels  in  each  well  were  prepared  and  qualitatively  analyzed. 

5.2.3.5  Discussion  and  Results 

The  time  series  plots  of  water  levels  for  each  well 
are  shown  in  the  Appendix.  Alluvial  well  WA04  in  Scandard  Gulch  remained  dry; 
a  water  level  has  ne^er   been  recorded  in  this  well.  Data  from  WA07  and  WAIO  are 
intermittent.  In  most  instances,  interruptions  in  data  gathering  are  attributed 
to  malfunctions  in  the  continuous  recorders  in  the  alluvial  wells.  WAIO, 
however,  was  obstructed  and  collection  of  data  was  not  possible. 

Since  the  fall  of  1974,  no  significant  changes  in 
either  water  levels  or  variability  of  levels  can  be  observed  (Figures  5.2.3-3 
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FIGURE    5.2.3-1 
ALLUVIAL     AQUIFER     MONITORING     NETWORK 
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and  5.2.3-4).  Linear  regression,  both  long-term  and  short-term,  was  used  to 
identify  the  potential  existence  of  trends  (Table  5.2.3-2).  For  the  wells  where 
short-term  analyses  of  levels  were  made,  there  were  no  trends.  On  a  long-term 
basis,  negative  linear  trends  existed  at  WA03,  WAIO,  WAll,  and  WA12  and  positive 
linear  trends  were  found  at  WAOl,  WA02,  and  WA05.  All  of  the  trends  were  very 
small.  Water  level  ranges  in  individual  wells  did  not  exceed  eleven  feet  for 
the  year.  The  modal  value  was  five  feet. 

Wells  WAOl,  WA02,  WA03,  WA06,  and  WA07  show  a  similar 
pattern  (Figures  5.2.3-3  and  5.2.3-4).  Only  WAOl  is  actually  on  Piceance  Creek. 
The  others  are  on  tributaries  but  within  the  alluvium  of  Piceance  Creek.  The 
yearly  range  was  about  five  feet  in  all  of  these  wells  with  maximum  level  in  the 
summer  months  and  the  lowest  levels  in  winter  and  early  spring.  This  pattern  is 
the  same  as  that  described  in  the  Environmental  Baseline  Program  Final  Report 
(cf  pl57).  Well  WA08  in  Stewart  Gulch  showed  a  range  of  about  three  feet  in 
water  level  with  the  highest  occurring  in  winter.  The  smallest  range,  less  than 
two  feet,  was  in  WA12  in  West  Stewart  Gulch. 

Of  all  the  alluvial  wells,  WA03  is  the  one  most  likely 
to  be  affected  by  dewatering  if  there  were  interaction  between  the  deep  bedrock 
and  the  alluvium,  because  it  is  closest  to  and  approximately  aligned  with  the 
developing  northwesterly  extension  of  the  cone  of  influence.  However,  inspec- 
tion of  Figure  5.2.3-3  shows  that  the  curve  is  negative  from  as  long  ago  as 
March  1974  up  to  August  or  September  of  1978.  Since  then  there  has  been  a 
strong  rising  trend  through  the  time  that  dewatering  has  occurred.  This  is  a 
strong  and  dramatic  statement  of  the  lack  of  interrelationship  between  the  deep 
bedrock  dewatering  and  the  alluvial  wells. 

Alluvial  wells  WAll  and  WA12  are  farthest  from  the 
center  of  dewatering.  However,  some  of  the  nearer  wells  (WA05  and  WA07)  do  not 
show  negative  trends.  Therefore,  it  is  yery   unlikely  that  the  negative  trends 
for  WAll  and  WA12  are  due  to  dewatering. 

Analyses  of  the  water  levels  in  the  alluvial  wells 
with  respect  to  development  activities  revealed  no  evidence  of  any  effect. 
Spatial  distribution  of  the  wells  and  the  plots  of  recorded  water  levels  would 
indicate  that  there  are  no  apparent  effects  of  mine  dewatering  and  discharge. 
This  statement  is  strengthened  by  the  observation  that  there  has  been  a  signifi- 
cant decrease  in  the  piezometric  levels  in  two  bedrock  wells,  SG20  and  SG19 
(WX20  and  WX19)  while  no  decrease  occurred  in  alluvial  wells  WA06  and  WA07,  less 
than  100  feet  away.  In  fact,  water  levels  in  both  wells  slightly  increased. 

In  summary,  on  a  short-term  basis,  the  linear  model 
fits  none  of  the  alluvial  well  data.  There  are  some  long-term  trends  with  a 
slightly  negative  slope,  however  these  negative  slopes  began  during  baseline 
for  some  wells.  Most  importantly,  there  does  not  appear  to  be  any  effect  of 
dewatering  on  the  water  levels  in  the  alluvium  of  Piceance  Creek. 
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TABLE  5.2.3-2 

SELECTED  STATISTICS  GENERATED  IN  LINEAR  REGRESSION 
OF  ALLUVIAL  WELL  WATER  LEVELS  vs.  TIME 


Well 
No. 

Mean  Water  Level 
Elev  (ft)  Above  S.L. 

n 

a* 

Slope 
ft/month 

Linear  Trend  Test 

Long  Term  Analysis 

WAOl 

6236.4 

55 

0.006 

0.0014 

Linear  Trend 

WA02 

.   6270.6 

36 

0.008 

0.0012 

II 

WA03 

6370.2 

60 

0.048 

-0.0013 

Negative  Linear  Trend 

WA05 

6326.1 

56 

0.000 

0.0007 

Linear  Trend 

WA06 

6327.5 

59 

0.137 

- 

No  Linear  Trend 

WA07 

6349.8 

50 

0.473 

- 

II 

WA08 

6384.1 

52 

0.463 

- 

II 

WA09 

6492.9 

55 

0.116 

- 

II 

WAIO 

6562.8 

45 

0.000 

-0.0036 

Negative  Linear  Trend 

WAll 

6449.0 

51 

0.031 

-0.0006 

II 

WA12 

6637.0 

55 

0.040 

-0.0008 

II 

Short  Term  Analysis 

WAOl 

6237.9 

7 

0.108 

No  Linear  Trend 

WA02 

6272.9 

8 

0.346 

WA03 

6372.7 

8 

0.902 

WA05 

6326.5 

7 

0.320 

WA06 

6327.7 

7 

0.192 

WA12 

6638.0 

7 

0.521 

a  less  than  0.05  indicates  a  linear  trend  at  the  5  percent  level  of  significance. 
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5.2.4  Upper  Aquifer  Wells 

5.2.4.1  Scope 

As  in  other  parts  of  the  hydrologic  program,  the 
scope  of  the  Upper  Aquifer  monitoring  program  is  to  determine  effect  of  Tract 
development  on  the  hydrologic  system  in  the  Upper  Aquifer.  The  sinking  of  three 
shafts  on  Tract  was  initiated  in  1979  and  dewatering  was  required  as  the  shafts 
were  sunk.  The  removal  of  the  estimated  quantities  of  water  will  have  an  effect 
on  the  upper  aquifer.  The  wells  monitoring  the  upper  and  lower  aquifers  are 
shown  in  Figures  5.2.4-1  and  5.2.4-2.  The  wells  in  the  latter  figure  are  those 
added  to  the  scope  of  the  deep  well  monitoring  program  by  the  Water  Augmentation 
Plan  and  Court  Decree  (W3492). 

5.2.4.2  Objectives 

The  objectives  of  this  Upper  Aquifer  nxjnitoring  pro- 
gram are  to  determine  potential  for  perturbations  that  might  be  caused  by  Proj- 
ect development  and  to  ascertain  the  effects  of  dewatering  during  shaft  and  mine 
development. 

5.2.4.3  Experimental  Design 

Water  levels  are  sampled  monthly  at  28  upper  aquifer 
wells.  Figure  5.2.4-3  is  a  list  of  these  wells  and  the  length  of  their  data 
base.  The  experimental  design  is  to  assess  potential  significant  changes  in 
water  levels  over  time.  The  accuracy  of  these  data  depends  upon  the  method  of 
measurement;  that  is,  minimizing  outside  influences  on  the  particular  well  being 
measured.  For  example,  withdrawing  an  adequate  sample  for  water  quality  analy- 
sis disturbs  the  water  level  in  the  well,  and  the  rate  of  return  to  equilibrium 
conditions  is  different  for  each  well. 

5.2.4.4  Method  of  Analysis 

Tabular  averages,   plots  and  linear  regression  were 
used  in  the  analysis.     The  general    linear  regression  model  was  employed  for  both 
short-term  and  long-term  trends. 

5.2.4.5  Discussion  and  Results 

Of  the  C-b  Tract  wells,  the  only  water  level  which  did 
not  decline  was  in  WXIO  and,  in  fact,  its  water  level  increased  (Table  5.2.4-2). 
The  trend,  however,  was  not  significant.  The  largest  decreases  in  water  levels 
occurred  in  those  wells  closest  to  the  shafts,  as  expected.  There  was  a  de- 
crease of  160  feet  in  the  water  level  at  WX33  near  the  V/E  shaft.  Water  levels 
in  WX32,  near  the  Service/Production  shafts,  decreased  about  275  feet.  Declines 
elsewhere  on  the  Tract  varied  from  four  feet  in  WX17  in  the  southeast  corner  to 
about  70  feet  in  WX02  near  the  north  boundary  of  the  tract  between  Sorghum  and 
Cottonwood  Gulches.  See  Figure  A5.2.4-1  for  water  level  plots. 

Off -Tract  monitoring  wells  including  those  listed 
under  the  Water  Augmentation  Plan  showed  declines  based  on  proximity  to  the 
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FIGURE    5  2.4-1 

DEEP    WELL    MONITORING    NETWORK 

C-b    TRACT 
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TABLE  5.2.4-2 
Upper  Aquifer  Wells 
Short-Term  Data  1980 


Well 

_» ,_ 

Approx.  Mid  Year 
Elevation  (ft) 

Direction  of  Change 

Approx. 
Change  (ft) 

WX02 

6360 

Decrease 

-70 

WX04 

6625 

Decrease 

-15 

WXIO 

6570 

Increase 

15 

WXll 

- 

- 

WX12 

6350 

Decrease 

-20 

WX14 

- 

- 

WX17 

6636 

Corrected 

Decrease 

-  5 

WX18 

6900 

None 

- 

WX19 

6345 

Decrease 

-55 

WX20 

6310 

Decrease 

-90 

WX21 

6700 

None 

- 

WX32 

6300 

Decrease 

-275 

WX33 

6250 

Decrease 

-160 

WX44 

6500 

Decrease 

80 

WX55 

6555 

Corrected 

Increased,  then  decreased 

10  +  5 

WX63 

6530 

Corrected 

Decrease 

30 

WX64 

6760 

Increase 

5 

WX65 

6332 

Increase 

1 

WX67 

6308 

Decrease(Decreased  1 
March,  then  recoverec 

ft.  in 

I 

0.5 

WX69 

6897 

None 

- 

WX72 
WX73 

6760 
6757 

Increased (Decreased, 
increased) 
None 

then 

3 

WX75 

None 

WX92 

6520 

Corrected 

Decrease 

10 

7J 


shafts.  WX21,  located  south  of  the  Tract  on  Scandard  Gulch,  began  declining 
very  slightly  late  in  the  water  year,  with  a  total  decline  of  about  two  feet. 
The  trend  in  WX21  was  not  significant.  Wells  WX19  and  WX20  are  both  about 
one-half  mile  north  of  the  tract.  A  decline  of  about  55  feet  was  recorded  in 
WX19,  and  the  water  level  in  WX20  dropped  about  90  feet. 

No  wells  further  than  two  miles  from  the  Tract  center 
showed  decreases  in  water  levels.  Some  wells,  for  example  WX67,  WX72,  WX64, 
showed  slight  rises  in  water  levels  on  the  order  of  one  foot.  WX73  and  WX75 
showed  no  changes. 

The  general  linear  regression  model  was  used  in  cor- 
relating water  level  measurements  made  in  the  1980  water  year  with  time.  Table 
5.2.4-3  presents  the  results  of  this  correlation.  The  short-term  change  in 
water  levels  does  not  show  a  linear  trend  in  all  wells.  For  some,  the  reason 
for  not  fitting  the  linear  model  is  the  lack  of  a  sufficient  number  of  data 
points. 

The  largest  negative  slopes,  i.e.  most  rapid  decline, 
are  found  in  WX32  and  WX33,  as  would  be  expected.  Slopes  and  the  amount  of  de- 
cline are  about  equal  in  WX44  (south  of  and  up  gradient  from  the  shaft)  and  in 
WX20  (north  of  and  down  gradient  from  the  Tract). 

Using  data  from  the  Upper  Aquifer  wells,  contour  plots 
of  the  potentiometric  surface  were  made  beginning  in  October,  1974.  In  the 
early  years  there  were  only  a  few  wells  with  data  available  to  us.  The  majority 
of  these  wells  were  within  the  C-b  tract,  however  WX21  and  WX18  were  not.  The 
plots  showed  a  potentiometric  surface  sloping  to  the  north  and  a  gentle  axial 
high  with  a  trend  almost  due  north  through  the  center  of  the  Tract.  North  of 
the  tract  the  surface  showed  a  north-northwest  trend.  This  configuration  per- 
sisted through  June  of  1979  (Figure  5.2.4-4). 

Beginning  with  the  August  1979  plots,  data  became 
available  to  the  northwest  and  north  of  Piceance  Creek;  from  this  time  on,  the 
contoured  surface  showed  a  strong  northwesterly/southeasterly  trend  (see  Figures 
5.2.4-5  and  5.2.4-6).  The  surface  plunges  to  the  northwest  with  the  axis  of  the 
trough  cutting  across  the  northwestern  part  of  the  Tract.  The  slight  northward 
oriented  bulge  in  the  surface  was  still  present.  This  configuration  remained 
throughout  the  1980  water  year. 

Two  points  are  important  here.  The  first  is  that  the 
northwesterly  trend  of  the  surface  became  apparent  in  1979,  because  for  the 
first  time  data  north  of  Piceance  Creek  were  included.  No  data  were  available 
until  October,  1979.  The  second  point  is  that  this  northwest/southeast  trend 
shows  that  the  potentiometric  contours  did  not  wrap  around  Piceance  Creek,  but 
remained  yery   close  to  the  same  direction  of  the  cone  of  influence  found  in  the 
C-a  Tract. 

Dewatering  during  shaft  sinking  and  related  mining 
activities  during  1980  caused  declines  in  levels  of  the  upper  aquifer  monitoring 
wells  near  the  shafts.  Changes  in  levels  between  baseline  and  October  1979  are 
shown  in  Figure  5.2.4-7.  Figure  5.2.4-8  shows  the  changes  in  levels  between 
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TABLE  5.2.4-3 
Water  Levels  -  Upper  Aquifer  Wells 
Results  of  General    Linear  Regression  of  Short-term  Data  1980 


Well  No. 

Mean  Water 
Level* 

n 

a 

Slope 
Ft.  per  mo. 

r2 

WX02 

6357.1 

10 

0.0001 

-0.203 

0.974 

Close  fit  -  linear  trend 

WX04 

6638.1 

10 

0.1348 

No  linear  trend 

WXIO 

6573.1 

3 

0.2314 

No  linear  trend 

WXll 

5836.8 

2 

No  linear  trend 

WX12 

6346.7 

11 

0.001 

-0.061 

0.952 

Close  fit  -  linear  trend 

WX14 

6500.4 

2 

No  linear  trend 

WX17 

6638.4 

10 

0.8193 

No  linear  trend 

WX18 

6900.5 

11 

0.2953 

No  1 inear  trend 

WX19 

6343.2 

10 

0.0001 

-0.166 

0.975 

Close  fit  -  linear  trend 

WX20 

6315.7 

10 

0.001 

-0.263 

0.954 

Close  fit  -  linear  trend 

WX21 

6711.6 

11 

0.1113 

No  linear  trend 

WX32 

6287.9 

7 

0.001 

-0.777 

0.996 

Best  fit  -  linear  trend 

WX33 

6231.7 

7 

0.003 

-0.492 

0.940 

Close  fit  -  linear  trend 

WX41 

6437.8 

2 

WX44 

6505.4 

10 

0.0001 

-0.268 

0.890 

Linear  trend 

WX55 

6555.5 

8 

0.0986 

No  linear  trend 

WX63 

6533.8 

10 

0.001 

-0.084 

0.946 

Close  fit  -  linear  trend 

WX64 

6760.7 

12 

0.001 

-0.014 

0.976 

Close  fit  -  linear  trend 

WX65 

6332.9 

12 

0.017 

+0.004 

0.450 

Poor  fit  -  pos.  linear  trenu 

WX67 

6308.6 

12 

0.05915 

No  linear  trend 

WX69 

6897.7 

12 

0.6318 

No  1 inear  trend 

WX72 

6760.1 

12 

0.0215 

+0.007 

0.426 

Poor  fit  -  pos.  linear  trend 

WX73 

7649.7 

12 

0.4974 

No  linear  trend 

WX75 

7516.7 

10 

0.5582 

No  1 inear  trend 

WX92 

6520.0 

10 

0.0001 

-0.0279 

0.885 

Close  fit  -  linear  trend 

*  Elevation  in  feet  above  sea  level 
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Figure  5.2.4-4 
Potentiometric  Surface  for 
Upper  Aquifer  Wei  Is 
June,  1979 
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Figure  5.2.4-5 
Potentiometric  Surface  for 
Upper  Aquifer  Wells, 
October,  1979 
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Figure  5.2.4-6 
Potentiometric  Surface  for 
Upper  Aquifer  Wells 
September,  1980 
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Figure  5.2.4-7 
Change  in  Upper  Aquifer 
Water  Levels  between  Baseline 
and  October,  1979 
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Figure  5.2.4-8 

Change  in  Upper  Aquifer  Water 
Levels  between  Baseline  and 
September,  1980 
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baseline  and  September  1980.  The  changes  in  water  levels  between  October  1979 
and  September  1980  are  shown  in  Figure  5.2.4-9. 

Long-term  Upper  Aquifer  data  were  also  analyzed  for 
time  trends  by  using  a  general  linear  regression  model.  Results  of  the  linear 
trends  analysis  are  shown  in  Table  5.2.4-4.  On-Tract  wells  with  significant 
negative  trends  are  WX17,  WX32,  WX33,  WX44,  WX63,  and  WX92.  Off-Tract  wells 
which  show  significant  long-term  negative  trends  are  WX14,  WX17,  WX19  and  WX20. 
Trends  in  water  levels  for  all  other  Upper  Aquifer  wells  were  either  positive  or 
do  not  exist  as  shown  in  Table  5.2.4-4. 

5.2.5  Lower  Aquifer  Wells 

5.2.5.1  Scope 

The  original  notation  of  Upper  Aquifer  and  Lower  Aquifer  was 
made  to  simplify  a  complex  system  of  aquifers  and  aquitards  above  and  below  the 
Mahogany  Zone.  The  monitoring  network  of  wells  has  been  modified  with  deletions 
and  additions  and  by  recompleting  baseline  wells.  The  well  network  monitoring 
the  Lower  Aquifer  was  shown  previously  on  Figure  5.2.4-1  and  5.2.4-2.  A  list  of 
these  wells  and  their  sampling  schedule  may  be  found  in  Figure  5.2.5-1. 

5.2.5.2  Objectives 

As  in  Section  5.2.4.2  for  the  Upper  Aquifer,  Lower 
Aquifer  water  levels  are  monitored  to  ascertain  if  the  quantity  of  water  in  the 
Lower  Aquifer  will  be  affected  by  Project  development  activities  and  to  ascer- 
tain the  effects  of  dewatering  during  shaft  sinking  and  mine  development. 

5.2.5.3  Experimental  Design 

Water  levels  are  sampled  monthly  at  the  13  Lower 
Aquifer  wells  network  established  by  the  Development  Monitoring  Plan.  A  network 
of  14  wells  was  added  to  the  monitoring  network  by  the  Water  Augmentation  Plan 
and  Court  Decree  (W3492).  These  wells  are  sampled  monthly. 

5.2.5.4  Method  of  Analysis 

The  methods  used  to  analyze  the  data  were  the  same  as 
for  the  data  required  for  the  Upper  Aquifer  Section  5.2.4.4. 

5.2.5.5  Discussion  and  Results 

Short-term  water  levels  in  Lower  Aquifer  wells  were 
shown  to  increase  in  only  four  wells:  WY70,  WY72,  WY75,  and  WY78  (Table 
5.2.5-2).  No  short-term  trends  could  be  identified  in  wells  WY03,  WYIO,  WY52, 
WY66,  WY76,  or  WY79  (Table  5.2.5-3).  In  all  other  wells  water  levels  declined 
as  shown  in  Table  5.2.5-2.  Large  declines  were  shown  in  wells  near  the  shafts; 
the  decline  in  all  other  on-Tract  wells  ranged  from  20  to  45  feet.  The 
off-Tract  wells  showed  small  changes  in  water  levels  with  the  declines  of  four 
feet  or  less.  The  maximum  rise  in  water  level  was  eight  feet. 
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Figure  5.2.4-9 
Changes  in  Upper  Aquifer 
Water  Levels  between 
October,  1979  and 
September,  1980. 


3d 


00 


X 


Q. 


5^ 

Q. 

1 

LU 

>* 

Q 

■Nl 

CH 

O 

^ 

u_ 

.±1 

oo 

_J 

)— H 

33 

c/1 

< 

>- 

— 

_1 

=C 

■Z 

<Si 

oo 

LU 

H^ 

q: 

UJ 

oo 

C3 
O 


o  r^  r^  r^  iO 

VD  oo    r-H    1^    «X) 

C\J  O  O  CO  LD 

CO  o  o  un  I— I 


as 
ro 

o  o  o  o 

* 

CM 

cy> 

o 
o 
o 
o 

n  CTs  o 

r-H    00    O 

•-H  CTi  O 

1— 1  r^  O 

CO 
o 

O    O    CT>    r-l 

1     C\J 

« 

CM 

^-^^ 

r>.  O  00  «;*•  O 

1— 1 

(^  o  OS  CO  o 

^ 

^  o  >— 1  CO  o 

X 

CO  O  O  ^£>  O 

3 

r>>  O  o  CO  1— t 

00           a\ 

'ft                 CM 

(^           (A 

CO 
CO 
X 


r^ 

un 

lO   1— 1  p~,  ^  ,— 1 

CM 

CO  o  as  cTi  IX) 

I— 1 

r^  o  o  "d-  o 

x 

"X)  O  O  CTi  LD 

IS. 

>— •  O  O  '^  o 

^O             1    CM 

CO                   ■=3- 

lID                  ^O 

CO 

r-.  o  o  CO 

r— t 

"^ 

cr> 

r«. 

^  r^ 

r-t 

OJ 

o 

O 

CO  vo 

X 

CO 

o 

OS 

.— <  r^ 

3 

• 

• 

. 

1— t 

o 

I— ( 

r-^  O 

o 

1 

O 

CM 

CO 

U3 

a> 

1— 1 

CO 

CO 

1J3 

o 

O 

as 

VO 

I— I 

CT> 

LD 

X 

3 

LT) 

en 

CM 
C3 

1X5 

'd- 

CO 

I--. 

o 

t— I 

LO 

X 

3 

"=3- 
co 

U3 
CD 

o 

CM 
X 


<o 


^    1— 1    r-l   1— 1   00 

CM   O   r^  >5j-  LD 

CO  O  CM  CO  CO 

CM 

r^  O  O  CO  L.O 

O 

X 

U3    C)    CD    r-H    d 

3 

CTi          1    r-~ 

CO             Ln 

VO                  U3 

00 


•— •  CM  CO  <;1-  lO 


CO 


UO  -vT 

as 

r--  CO 

UD 

vo  o 

X 

CO  <— ' 

3 

•     • 

(O  o 

CTi 

00 

lO 

CO 

(.O  I— I  I— I  1—1  CM 
CM  O  CM  r^  U3 
O  O  O  CM  <— I 

.— I  o  CM  o  CO 

r^  O  O  LO  O 
oo  I    >* 

oo  P>. 


CO 


CO 

I— I 

r^ 

CM  U3 

CM 

CO 

o 

r^ 

r^  ^£) 

CO 

00  o 

«=!■ 

LD   LD 

X 

r^  o  CM 

Ln  ix> 

3 

• 

• 

• 

•      • 

r^  o  o 

CO  O 

1— < 

1 

«* 

«:r 

f— 1 

VO 

CX3 

"d- 

Lf) 

cr> 

CTS 

1—1 

r^ 

cr> 

CM 

CM 

CM 

X 

Lf) 

CO 

3 

CJS 

o 

o 

^^  o 

o  1— I  tn  U3  CO 
^  o  o  Ln  o 

CM  O  ■^   r-H  <:;J- 
O  O  CM  CO  <T> 

OS  o  o  >—<  o 
1—1        I  CO 
o 


CO 


CTi 
00 
CO 


00 


CO  r— t 

IX)  r^ 

CM   00 

o  ■=d- 


C7S 

Ln 

o 

Ln 


Ln  o 

CD 

1-1  O 

X) 

1 

>* 

CO 

Ln 

VXJ 

<x> 

CM 

^ 

CM  r^ 

i-O 

CO  Ln 

CM  "^ 

1 — 1 

U3  CO 

CM  O 

o 

r-«.  CO 

^X)  O 

o 

CM  <— t 

CO  o 

o 

00  o 

CJS 

CO 

CO 

CO 

•          • 

U3 

CM  CO  "ici-  Ln 


oo 


CM   LD 

t^ 

■^  in 

IX) 

1—1  Ln 

X 

P^    r-< 

3 

• 

00  o 

o 

oo 

«x> 

in 

CM  o 

Ti-  Ln 
r-^  Ln 
1—1  r-. 

o  CD 

CM 
LT) 


CO 


1 — 1  1 — 1  cTi  as  1^ 

Ln 

CO  CO  CO  CM  CM 

t>o 

00  <-H  o  r^  «* 

X 

00  O  O  CM  ^ 

3 

CM  O  O  "^  O 

oo             o 

CO                   CO 

VO                   <X5 

CO  1-1 

CM 

CM  Ln 

00 

in  CO 

X 

CM  as 

3 

•       • 

r-t    O 

Ln 

^ 

VO 

Ln 

r— 1 

CM  LD  CO 

^ 

CO 

O 

-=3- 

LD  CM 

LD 

^X) 

o 

1—1 

CM   CO 

X 

':3-  O  O 

O  CT> 

3 

. 

. 

. 

O 

o  o 

LD  O 

LO 

Ln 

r-^ 

LD 

iX> 

LD 

00 

Ln 

CO 

1 — 1 

o 

CO 

CO 

CO 

o 

r^ 

CM 

LO 

CO 

o 

1—1 

o 

X 

CO 

o 

o 

00 

3 

• 

• 

• 

o 

o 

o 

1—1 

Ln 

1 

LD 

Ln 

VO 

UD 

LO 

t^ 

"=3- 

o 

1 — 1 

Ln 

CM  O 

Ln 

as 

O  Ln 

CO  CM 

Ln 

o 

o 

o 

ID  CO 

X 

r^  o  o 

O  Ln 

3 

• 

• 

• 

•     • 

1—1 

o 

o 

LO   O 

Ln 

I— 1 

Ln 

Ln 

LD 

LD 

Ln 

X 


Ln  CM 
oo    r-H 

<^  Ln 
I— I  c>o 

LO   O 

I — 1 

Ln 


CO 


CO  r^ 

CO 

Ln  o 

1^ 

O  00 

X 

1—1  CM 

3 

•       • 

as  o 

•=d- 

LD 

r^ 

oo 


LO 

o 

d 

II 

a 


o 
o 
o 
o 

o 
II 
a 

c 
la 

<v 
u 

3       • 

O    CO 
S-    (O 

a.  <_) 
f—   (/) 


LD   00  CM  LD  CJS 

r~>  CM  Ln   CO  CM 

LD  -=3-  O   .— 1  CM 

CM 

O  O  O  LD  OO 

r-. 

X 

o  d  o  --I  d 

3 

LD                   CM 

r^             r^ 

LO                  LO 

CO    c 

• 

c  •.- 

LO      3 

o 

••  c 

•f-    <u 

CD  o  -a 

-E 

-t->  "O 

£=  -1-    (1) 

4J 

(TJ    (O 

•1-    4->   +-> 

c 

>  s 

2    (O    LJ 

o 

S- 

O    >    OJ 

E 

0)  a, 

r^     ^  ^~ 

to   X3 

I—    0)    OJ 

s- 

J2 

O     LO     (/) 

<L> 

o  -o 

4-  J3 

Q. 

^ 

O  -C 

O    3 

OJ          +-> 

LO 

S    O 

J=    -O    -r- 

-t-> 

-M  J= 

-M    O)    3 

•r— 

lO 

s- 

c 

.c: 

c  -r-  -a 

3 

-M    t/) 

(0(0    0) 

•■-    C 

O)    Q.  S- 

LO 

S  o 

E         <n 

•1— 

•r- 

<+-    CL 

OS  (^ 

O)    O    E 

CU 

C    3 

r-             O 

a. 

•r-  r— 

X3    S-    U 

o 

1—    O 

(C   <u 

OJ    C 

+J  jD     O) 

LO 

+J 

-o   O 

E  ^ 

CL 

(U 

O    (J 

CU    3 

1 

O) 

Z3 

E 

J=  z  o 

CJ 

r^ 

o 

-t->  --^  +-> 

OJ 

s- 

fO 

c  z 

c 

Q. 

O) 

> 

o 

C    fO      1 

o 

-M 

•f— 

•r-     O) 

^~ 

CCM 

to 

s:<s 

oo 

*-H 

s- 

t/)  1—1 

LO 

<u 

(U 

S-    14- 

. 

. 

. 

DS  O 

i-   1—1  CM 

CO 

•^ 

Ln 

<U 

-I-) 

S-    CD 

c 

3 

UJ 

CD    > 

•  • 

C 

LU 

•r-CM 

1— 

—1    $- 

o 

1— I  CM  CO  -^  Ln 


O 

1 — I 

Ln 

LD 

1 — 1 

LD 

o 

1 — 1 

^ 

«^ 

>=1- 

o 

CM 

CO 

CO 

"^a- 

CM 

o 

o 

CO 

CO 

<d- 

• 

• 

• 

• 

> 

X 

Ln 

o 

o 

•^ 

o 

3 

CO 

Ln 

LO 

1 

LD 
LO 

1— I  CM  CO  "^  Ln 


o3 


o 

t 

q 

s  i 

a 
< 
a 

-3 

• 

- 

• 

• 

- 

1 

- 

> 

I 

C 

2 

g 
2     - 

- 

■ 

• 

- 

- 

'  • 

-  - 

■> 

• 

-- 

» 

z 
g 

to 

S   1 

i 
< 

2 

iZ 

», 

a 
z 
g 

< 

< 
s 

-5 

- 

- 

r 

- 

• 

' 

. 

o 
z 
g 
n 

5 
en     -» 

-      5 

i 
2 
u. 

9 

Z 

g 
in 

—     a 
< 
t 

Mm 

-> 

»           •  » 

- 

*■ 

• 

'  • 

i: 

- 

- 

- 

- 

a 
z 
g 
in 

< 

-       3 
< 

a 

-5 

- 

I  ' 

« 

—  io<J>o-..—  *ioa>  —  cu'*  —  c\j*iou)fwa)0»    o     — cMintDr>-SO<J>o  —  —  o 

>.>->V>>V>>>->>>>->->>>>>>      >-       >>.>V>>>>>>0 

z 
o 
i-d 

<  — 

-I 

Ui 

> 
-i 

<     !0                        Q          5 

CO 


CO 


LU 

_l 

$  < 

-> 

nr 

(T 

^ 

UJ 

UJ 

CO 

1 

u 

K 

-i 

in 

Z 

UJ 

3 



> 

cm' 

< 

UJ 

2 

UJ 

-J 

u. 

1- 

o 

< 

(- 
a: 

UJ 
Q 

O 

2 

-1 

a. 

< 

o 

u. 

84 


TABLE  5.2.5-2 

Lower  Aquifer  Monitoring  Network 

Mid-Year  Water  Levels  &  Changes 

Short  Term  Data  1980  Water  Year 


Well 

Approximate 
Mid-Year 
Elevation  (ft) 

Direction  of 
Change 

Approximate 
Change  (ft) 

WYOl 

6,480 

Decrease 

-115 

WY03 

6,370 

Decrease 

-35 

WYIO 

Scarce  Data 

WY12 

6,345 

Decrease 

-25 

WY17 

6,645 

Decrease 

-20 

WY45 

6,490 

Decrease 

-45 

WY46 

6,490 

Decrease 

-60 

WY52 

6,522 

Slight  Decrease 

-2 

WY54 

6,543 

Small  Decrease 

-7 

WY61 

6,520 

Decrease 

-25 

WY62 

6,500 

Decrease 

-33 

WY64 

6,444 

Slight  Decrease 

-2 

WY65 

6,312 

Slight  Decrease 

-1 

WY66 

Scarce  Data 

WY67 

6,235 

Slight  Decrease 

-1 

WY68 

6,509 

Slight  Decrease 

-3 

WY69 

6,886 

Slight  Decrease 

-1 

WY70 

6,950 

Increase 

+8 

WY71 

6,574 

Slight  Decrease 

-1 

WY72 

6,775 

Small  Increase 

+4 

WY75 

6,770 

Slight  Increase 

+1 

WY76 

6,871 

No  Change 

- 

WY78 

7,075 

Small  Increase 

+5 

WY79 

Scarce  Data 

WY91 

6,475 

Decrease 

-7 

d5 


TABLE  5.2.5-3 
Water  Level  of  Lower  Aquifer  Wells 

Results  of  General  Linear  Regression 
Short-Term  1980  Data 


Mean 

Water 

SlODP 

r2 

Well 

Level 

n 

a  * 

Feet/Mo 

WYOl 

6362.9 

12 

.0001 

-0.305 

0.865 

Linear  Trend 

WY03 

6375.3 

4 

.1542 

No  Linear  Tread 

WYIO 

6552.9 

2 

Insufficient  Date 

I 

WY12 

5348.2 

11 

.0003 

-0.066 

0.786 

Linear  Trend 

WY17 

6652.4 

9 

.0071 

0.003 

0.668 

II     II 

WY45 

5504.0 

10 

.0037 

-0.130 

0.671 

M           II 

WY46 

6504.2 

10 

.0054 

-0.140 

0.636 

II           II 

WY52 

6524.1 

10 

.3667 

No  Linear  Trend 

WY54 

6534.5 

10 

.001 

-0.078 

0.902 

Close  Fit  Linear 

Trend 

WY61 

6494.9 

11 

.0019 

-0.086 

0.675 

Linear  Trend 

WY62 

6496.6 

11 

.0005 

-0.164 

0.759 

II     II 

WY64 

6443.6 

12 

.0008 

-0.008 

0.691 

II     II 

WY65 

6312.5 

12 

.0035 

-0.006 

0.590 

II     II 

WY56 

6289.3 

4 

.6106 

No  Linear  Trend 

WY67 

6235.3 

12 

.0012 

-0.002 

0.669 

Linear  Trend 

WY68 

6509.3 

12 

.0001 

-0.008 

0.939 

Close  Fit  Linear 

Trend 

WY69 

6885.8 

12 

.0004 

-0.002 

0.725 

Linear  Trend 

WY70 

6950.9 

8 

.0015 

0.030 

0.834 

II     II 

WY71 

6573.9 

9 

.0001 

-0.005 

0.971 

Close  Fit  Linear 

Trend 

WY72 

6774.7 

12 

.0011 

0.009 

0.673 

Linear  Trend 

WY75 

6770.5 

12 

.0032 

0.003 

0.600 

II     II 

WY76 

6871.1 

4 

.2968 

No  Linear  Trend 

WY78 

7076.9 

12 

.0029 

0.015 

0.604 

Linear  Trend 

WY79 

6675.0 

1 

Insufficient  Date 

I 

WY91 

6475.3 

10 

.0001 

-0.164 

0.888 

Linear  Trend 

less  than  0.05  implies  a  significant  linear  trend, 


6b 


A  general  linear  regression  model  was  used  on  the 
water  level  data  obtained  from  some  of  the  wells  during  1980.  The  results  of 
the  regression  with  respect  to  time  are  presented  in  Table  5.2.5-3.  The  linear 
model  fit  most  of  the  aata,  but  the  R2  values  \/dry   widely  and  the  linear  model 
should  be  considered  only  as  an  initial  screening  technique.  The  highest  r2 
for  linear  correlation  on-Tract  was  0.902  at  WY54  (SGll  string  2).  The  model 
shows  a  decline  of  0.078  feet  per  month.  Two  off-Tract  water  augmentation  moni- 
toring wells,  WY68  and  WY71  have  r2  values  of  0.939  and  0.971  and  would  have 
the  closest  fit  by  the  linear  model  over  time.  Both  models  have  a  slightly 
declining  slope  which  is  considered  insignificant. 

Long-term  data  from  Lower  Aquifer  wells  were  analyzed 
for  linear  trends  with  time.  Results  of  this  analysis  are  summarized  in  Table 
5.2.5-4.  Long-term  data  show  positive  linear  trends  in  wells  WYIO,  WY17,  WY44, 
WY52,  WY70,  WY72,  WY75,  and  WY78.  No  long-term  trends  have  been  established  in 
WY54,  WY61,  WY64,  WY66,  WY69,  WY80,  or  WY81 .  Water  levels  in  all  other  Lower 
Aquifer  wells  showed  negative  linear  trends  with  time. 

Most  of  the  off-Tract  monitoring  wells  showed  some 
decline  in  lower  aquifier  water  levels,  but  the  levels  of  decline  are  less  than 
four  feet.  If  these  declines  were  related  to  dewatering  activities  on  the 
Tract,  then  the  following  would  be  observed  in  off-Tract  wells: 

1.  The  rate  of  decline  should  increase  as  the  rate  of  dewatering  is 
increased.  If  there  is  no  increase  in  the  rate  of  dewatering,  the  rate 
of  decline  would  not  increase  unless  the  cone  of  influence  reaches  a 
hydrologic  boundary. 

2.  Declines  should  occur  in  decreasing  amounts  with  distance  from  the 
tract  in  any  given  direction.  Local  observations  from  a  smooth  inverse 
relationship  may  occur. 

3.  There  should  be  less  decline  in  Lower  Aquifer  wells  than  in  the  Upper 
Aquifer  wells. 

Plots  of  water  level  with  time  were  made  for  all  lower 
aquifer  wells  and  are  presented  in  the  Appendix.  None  of  the  off -Tract  wells 
exhibited  an  increased  rate  of  decline  as  dewatering  progressed.  A  time  lag 
might  be  expected  at  remote  distance  from  the  drawdown  site,  however,  the  re- 
sponse is  usually  quite  rapid  in  confined  aquifer  systems. 

The  declines  in  the  lower  aquifer  wells  do  not  occur 
in  decreasing  amounts  with  distance  from  the  Tract;  for  example,  the  decline  at 
WY68  is  two  and  one-half  feet;  eight  miles  north,  the  decline  in  WY64  was  four 
feet.  Other  examples  can  be  seen  on  the  accompanying  tables.  No  decline  has 
occurred  in  WVOl,  a  composite  well  2.5  miles  northwest  of  the  tract,  and  yet 
WY65  2.5  miles  further  northwest  had  two  feet  of  decline.  The  examples  cited 
here  are  evidence  that  declines  in  the  levels  in  the  Lower  Aquifer  wells  off- 
Tract  are  not  related  to  activities  on  the  C-b  Tract. 

Composite  wells  (the  WV  series)  are  all  located  off- 
Tract.  These  five  wells  are  completed  in  Doth  the  upper  and  lower  aquifers. 
Plots  of  water  levels  with  time  are  shown  in  Figure  5.2.5-2.  The  variations  in 
the  behavior  of  these  wells  and  their  locations  with  respect  to  the  Tract 
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eliminate  Project  activities  as  responsible  for  any  of  the  changes  in  water 
levels  monitored  at  these  wells. 

5.2.6  Water  Management:  Impoundments/Land  Application/Reinjection/ 
Discharge 

5.2.6.1  Scope 

Water  management  is  defined  herein  as  management  of 
water  produced  on  Tract  in  excess  of  daily  needs.  Various  alternatives  to  man- 
agement of  this  water  have  been  proposed  and  the  management  techniques  that  are 
presently  being  implemented  include  temporary  impoundments,  land  application 
through  the  sprinkler  irrigation  system,  or  discharge.  A  reinjection  test  well 
was  installed  but  works  were  not  completed  by  the  end  of  1980.  Figure  5.2.6-1 
presents  the  water  management  system.  Figure  5.2.6-2  shows  the  sprinkler  system. 
Figure  5.2.6-3  is  a  diagram  of  holding  Ponds  A  and  B,  and  Figure  5.2.6-4  shows 
Pond  C. 

Water  from  the  ponds  was  either  discharged  or  sprinkl- 
ed, depending  on  quantity,  quality,  and  time  of  year.  When  water  was  discharg- 
ed, flow  was  monitored  specifically  at  surface  water  gauging  station  WU42  in  No 
Name  Gulch  and  at  WU45,  the  new  station  constructed  50  meters  downstream  from 
the  confluence  of  No  Name  Gulch  and  Piceance  Creek. 

Quantities  of  water  were  produced  from  groundwater 
through  the  dewatering  process.  Although  water  flow  into  shafts  and  related 
works  was  minimized  as  much  as  possible  by  grouting  and  concrete  shaft  liners, 
it  was  necessary  to  dewater  shaft  works  by  pumping  to  the  surface  in  a  series 
of  lifts.  This  surplus  water  was  eliminated  through  the  water  management  sys- 
tem. 

5.2.6.2  Objectives 

The  objective  in  water  management  is  to  dispose  of  ex- 
cess water  generated  from  various  activities,  principally  the  water  pumped  from 
the  shafts  and  related  workings.  Treatment  of  water  quality  for  the  present 
water  management  system  is  discussed  in  detail  in  5.3.  The  quantity  of  water 
routed  into  the  temporary  storage  facilities  and  the  quantity  removed  from  stor- 
age by  discharge  or  other  means  must  comply  with  requirements  of  the  Tract  NPDES 
Permit,  the  State  Subsurface  Disposal  Permit  for  reinjection  of  mine  water,  and 
the  Water  Augmentation  Plan.  A  table  of  water  use  on  Tract  in  1980  is  presented 
on  Table  4-4  of  Volume  1. 

5.2.6.3  Experimental  Design 

Waters  pumped  into  the  ponds  and  discharged  from  Pond 
B  into  East  No  Name  Gulch  are  measured.  The  NPDES  Permit  limits  discharge  vol- 
ume with  specific  permit  criteria  based  on  water  quality  impacts  to  Piceance 
Creek.  The  design  is  to  compare  discharge  volumes  from  Pond  B  to  that  of  total 
streamflow  in  Piceance  Creek  downstream  of  the  discharge  point. 
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FIGURE  5.2.6-4 
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5.2.6.4  Method  of  Analysis 

Data  from  the  water  management  system  were  analyzed  by 
inspection  of  tabulated  values  and  ratios  of  flows  from  WN40  (Pond  B)  and  WU61 
(Piceance  Creek  at  Hunter  Creek).  More  detailed  analysis  methods  were  applied 
to  water  quality  data  as  discussed  in  5.3.6. 

5.2.6.5  Discussion  and  Results 

Table  5.2.6-1  shows  the  NPDES  discharges  at  WN40,  the 
discharge  past  WU61,  and  the  ratio  of  these  flows. 

5.2.7  Correlations  Suggested  Under  the  Water  Augmentation  Plan 

5.2.7.1  Scope 

Some  specific  correlations  were  suggested  under  the 
Water  Augmentation  Plan.  These  correlations  are  discussed  here. 

5.2.7.2  Objectives 

To  perform  corrrelations  of  flow  in  Piceance  Creek 
with  precipitation  occurring  at  various  flow  and  preciptiation  measurement 
in  the  Tract  area  and  with  the  Little  Hills  Station. 

5.2.7.3  Experimental  Design 

Primarily  because  of  their  relatively  long  periods  of 
record  (since  October,  1964),  the  winter-time  flow  on  Piceance  Creek  at  Ryan 
Gulch  (Station  WUOO)  and  the  precipitation  at  the  Little  Hills  Station  (WROl) 
were  suggested  as  possible  items  to  correlate  with  the  flows  on  Piceance  Creek 
upstream  (WU07)  and  downstream  (WU61)  of  the  Tract. 

Also  singled  out  under  the  Water  Augmentation  Plan 
were  springs  WS09,  WSIO,  and  WS31  where  discharge  time  history  must  be  monitored 
and  compared  with  that  of  well  WX12. 

5.2.7.4  Method  of  Analysis 

In  addition  to  correlations  suggested  above,  these 
additional  ones  were  judged  to  be  of  merit:  correlation  of  precipitation  at 
Stations  AB20  or  AB23  with  Piceance  Creek  winter-time  flows  at  either  Ryan 
Gulch,  the  downstream  station  from  the  Tract,  or  the  upstream  station. 

5.2.7.5  Discussion  and  Results 

The  monthly  precipitation  at  Stations  AB20,  AB23, 
and  Little  Hills  and  flows  on  Piceance  Creek  at  Stations  WUOO,  WU61,   and  WY07 
are  tabulated  on  Table  A5.2.7-1. 

Histograms  of  winter-time  flow  average  over  December 
and  January  are  presented  on  Figure  5.2.7-1  for  Stations  WUOO,  WU07,  WU22,  and 
WU61. 
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TABLE  5.2.6-1 
Comparison  of  Discharges  from  Pond  B  (WN40)  and  Piceance  Creek  Flow  at  Hunter  Creek(WU61) 


Discharge 

Discharge 

^^^^   X  100 
WU61  ^  ^^^ 

Date 

WN40  (cfs) 

WU61  (cfs) 

10/01/79 

0.47 

10.0 

4.7 

10/08 

0.47 

13.0 

3.6 

10/17 

1.30 

13.0 

10.0 

10/26 

0.70 

21.0 

3.3 

10/30 

1.60 

21.0 

7.6 

11/05 

1.38 

18.0 

7.7 

11/08 

1.60 

19.0 

8.4 

11/13 

1.83 

19.0 

9.6 

11/21 

2.21 

23.0 

9.6 

11/24 

1.74 

21.0 

8.3 

11/28 

1.98 

21.0 

9.4 

11/30 

1.96 

21.0 

9.3 

12/07 

2.05 

19.0 

10.8 

12/14 

0.56 

22.0 

2.6 

12/18 

0.78 

24.0 

3.3 

12/19 

0.71 

25.0 

2.8 

12/26 

0.94 

25.0 

3.8 

1/07/80 

0.31 

17.0 

1.8 

1/02 

2.21 

20.0 

11.1 

1/10 

1.55 

18.0 

8.6 

1/18 

0.61 

19.0 

3.2 

1/24 

0.29 

19.0 

1.5 

1/31 

0.62 

18.0 

3.4 

2/08 

2.05 

18.0 

11.4 

2/21 

0 

26.0 

0 

2/24 

0 

23.0 

0 

2/29 

0.62 

27.0 

2.3 

2/15 

0.39 

20.0 

2.0 

3/12 

0 

21.0 

0 

3/13 

0 

22.0 

0 

3/21 

0 

22.0 

0 

3/26 

0 

22.0 

0 

4/04 

1.15 

22.0 

5.2 

4/09 

0 

23.0 

0 

4/17 

0 

27.0 

0 

4/24 

0 

60.0 

0 

4/28 

0 

65.0 

0 

4/02 

1.08 

78.0 

1.4 

5/14 

0 

110.0 

0 

5/29 

0 

54.0 

0 

6/07 

1.14 

18.0 

6.3 

6/11 

0.72 

17.0 

4.2 

6/18 

0.33 

11.0 

3.0 

6/24 

0.30 

8.6 

3.5 

7/07 

0 

9.3 

0 

7/16 

0 

12.0 

0 

7/23 

0 

12.0 

0 

8/03 

1.02 

28.6 

3.6 

8/13 

0 

27.1 

0 

8/20 

0 

26.6 

0 

8/27 

0 

26.6 

0 

9/08 

1.37 

25.5 

5.4 

9/10 

0 

25.0 

0 

9/17 

0 

19.2 

0 

9/25 

0 

7.9 

0 
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FIGURE      5.2-7-1 

HISTOGRAMS    OF   WINTERTIME 
MEAN   FLOW*  FOR    SELECTED      USGS    GAUGING 
STATIONS     ON    PICEANCE  CREEK 
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Table  5.2.7-1  summarizes  the  results  of  the  correla- 
tion analysis.  As  seen  In  the  table,  Little  Hills  (WROl)  precipitation  shows 
little  correlation  with  Piceance  Creek  flow.  The  low  correlation  demonstrates 
that  precipitation  is  subject  to  marked  spatial  variability,  especially  in  rough 
terrain.  Precipitation  at  Stations  AB20  and  AB23  shows  a  high  correlation  with 
flow  at  all  three  Piceance  Creek  flow  stations.  This  can  be  attributed  to  the 
locations,  since  both  are  within  three  miles  of  Station  WU07.  The  correlations 
between  flow  at  WUOO  versus  flow  at  WU07  and  WU61  are  excellent  and  confirm  that 
correlations  increase  as  the  distance  between  stations  is  decreased.  Analyses 
for  lagged  correlation  for  flow  versus  precipitation  were  performed  but  did  not 
produce  significant  increases  over  unlagged  results. 

Time  histories  of  flows  from  springs  WS31,  WS09,  and 
WSIO  and  comparison  with  water  levels  in  well  WX12  are   shown  on  Figure  5.2.7-2. 
Although  well  l«iX12  appears  to  be  affected  by  Tract  operations,  no  consistent  ef- 
fects on  these  three  springs  are  apparent  at  this  time;  the  flow  in  WS31  has, 
however,  been  predominantly  increasing  over  its  short  period  of  record. 

5.2.8  Hydrogeologic  Mapping  of  C-b  Shafts 

5.2.8.1  Scope 

Tremendous  progress  was  made  in  the  sinking  of  shafts 
during  1980.  Hydrologic  and  geologic  data  were  collected  as  the  oil  shales  of 
the  Parachute  Creek  member  of  the  Green  River  formation  were  exposed  during 
station  development.  In  the  V/E  shaft,  sinking  continued  from  the  pump  station 
at  960  feet,  through  the  Four  Senators  Zone  which  separates  the  UPC]^,  aquifer 
subunit  from  the  UPC2  aquifer  subunit.  At  the  base  of  the  Four  Senators  Zone, 
the  station  at  1050  feet  was  excavated.  During  August  and  September  the  Igni- 
tion Level  station  at  1170  feet  was  excavated.  Sinking  progressed  toward  the 
Upper  Void  Level  located  in  the  Mahogany  Zone  about  25  feet  below  the  A-Groove. 
Grouting  continued  throughout  sinking  during  the  year  with  covers  numbered  six 
through  ten  completed. 

Sinking  continued  in  the  Service  and  Production  shafts 
with  completion  of  the  Midshaft  Station,  Ignition  Level,  Upper  Void  Level, 
Intermeaiate  Void  Level,  and  partial  completion  of  the  Lower  Void  Level.  As 
development  began  at  the  Lower  Void  Level  in  the  Production  Shaft,  a  northeast 
trending  fold  was  mappea.  This  fold  extended  across  the  Lower  Void  Level  - 
loading  pocket  opening  and  caused  ground  control  problems.  Additional  support 
was  installed  and  the  station  was  completed.  The  fold  was  not  observed  in  the 
Service  Shaft  side  of  the  station. 

5.2.8.2  Objectives 

Mapping  of  the  hydrogeology  of  the  shafts  is  done  to 
provide  better  understanding  of  the  groundwater  hydrology  and  subsurface 
geology.   Information  is  used  in  water  management  and  mine  planning. 

5.2.8.3  Experimental  Design 

Hydrologic  data  were  obtained  through  grouting 
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activities  where  amounts  and  water  quality  were  recorded  along  with  total  shaft 
inflows  during  sinking  and  physical  mapping  of  zones  that  produced  water. 
Geologic  data  including  fracture  measurements,  structural  data,  and  rock  quality 
data  were  obtained  in  all  the  shafts. 

5.2.8.4  Method  of  Analysis 

Lower  hemisphere  stereographic  plots  of  fracture  data 
were  constructed  for  the  stations  at  960  and  1050  feet  for  the  V/E  shaft.  Each 
point  on  the  plot  represents  a  pole  through  a  perpendicular  plane  and  thus  indi- 
cates the  intersection  with  the  lower  hemisphere.   Points  in  the  center  of  the 
plot  represent  horizontal  planes;  those  around  the  perimeter  depict  the  vertical 
plane.  Any  dip  angle  may  therefore  be  represented  on  the  hemispheric  surface. 
The  azimuthal  location  of  any  point  on  the  hemisphere  represents  the  orientation 
or  strike  of  the  fracture.  Numbers  in  the  diagram  represent  the  frequency  of 
occurrence  of  fractures  with  the  particular  dip  and  strike  represented  by  the 
unique  point  on  the  hemisphere.  Contours  are  drawn  for  these  values  thus 
providing  a  visual  summary  of  the  characteristics  of  the  fractures  in  the  area 
where  these  measurements  were  made.  Water  inflows  to  the  shafts  were  measured 
and  tabulated. 

5.2.8.5  Discussion  and  Results 

Major  fractures  at  960  feet  in  the  V/E  shaft  are  shown 
on  the  lower  hemisphere  stereographic  plot  of  Figure  5.2.8-1  and  histograms  of 
Figure  5.2.8-2.  The  major  fractures  present  were  oriented  N71W,  dipping  75 
degrees  SW  with  a  minor  fracture  set  of  N72W  with  dips  of  62  degrees  NE.  The 
combined  fracture  data  from  stations  at  960  and  1050  feet  are  shown  in  the  plot 
of  Figure  5.2.8-3  and  histograms  of  Figure  5.2.8-4.  At  1050  feet  fractures  were 
oriented  from  N40W  to  N80W  with  dips  of  53  to  55  degrees  N.  Many  large  vugs 
measuring  three  to  seven  feet  in  diameter  were  present.  Also  present  in  this 
station  is  a  two  to  four  feet  thick  core  loss  zone,  which  can  be  correlated 
around  the  Tract,  composed  of  randomly  oriented  fractures  with  dips  of  70  to  90 
degrees.  This  zone  is  composed  of  blocky  ground  made  up  of  pieces  of  oil  shale 
from  six  to  twelve  inches  across. 

Fracture  data  from  the  Ignition  Level  at  1170  feet  are 
shown  in  the  Figure  5.2.8-5  stereonet  and  Figure  5.2.8-6  histogram.  Fracture 
data  collected  showed  dips  from  77  to  88  degrees.  The  Mahogany  marker  bed  was 
exposed  in  this  station  and  had  an  elevation  of  5402  feet.  Fractures  were  not 
present  in  the  Upper  Void  Level  as  were  previously  mapped.  The  rock  present  was 
massive,  competent  oil  shale  with  few  fractures  present. 

Fracture  data  collected  in  the  Midshaft  Level  of  the 
Service  and  Production  shafts  are  shown  in  Figures  5.2.8-7  and  the  histograms  in 
Figure  5.2.8-8.  The  data  from  the  Ignition  Level  are  shown  in  Figures  5.2.8-9 
and  5.2.8-10.  The  three  retort  void  levels  were  developed  and,  as  in  the  V/E 
shaft,  no  major  fractures  were  found  in  the  Upper  Void  Level.  The  Intermediate 
Void  Level  was  composed  of  gray  siltstones  and  barren  marlstones  with  few 
fractures  present. 


iui 


> 

UJ 

-i 

UJ 


I 

CO 

CM 
LO 
UJ 

or 

ZD 


c 
o 

•r— 

la 
+J 

CO 


o 
cn 

JD 

I 

s- 
o 


4-> 

o 


U 


a. 
ce 
i- 
o> 
o 
<u 
i. 
o 


102 


&■  <o  ^c  vn  o  o  o 

•-• «  «  r* 

o 


•-•  o  if>  in  o  o  o 

a:  ■#  cvi  M 

►-  <M  ro  «») 
(/) 

IT  >0  h-  (S  o^  e 

(v  M  M  (\j  (Nj  n 


a.  o  o  rvj  o  e  o 
"-  -o  ^  h-  N>  ^  ^. 
a 


«  o  3  in  o  ifi  in 

X  f*  (•>  o  ^  r*)  #^ 

►-  rn  —  (V)  n  <n 
I/) 

*  o  -<  tvj  r»  ■♦ 

>«  <v  M  <VJ  (\J  «M 


d.  e  <c  n  <c  e  e 
**  ^  c  ®  »o  ^  o* 

o 

^    •   •   •   •  •   • 

•«  o  in  e  o  iri  e 
z  •-•  o  s  <£  r>  r- 

r".  •»  in  *  r~  o 

0.  IT  ■♦  ^  o  r-  o 
*^  f^  ^  -♦  9^  in  ^ 

o 

•"Ojiin<ooo< 

►-  (\)       r)      "«       (£ 
in  o 

^  »  o>  o  —  rvj  CO 

X 

cr 

V) 


a  n  o  o 
-"  in  in  o- 

o 


if    •    •  • 

►-  o  o  in 

OC  fVJ  «  ■« 

t—  n  M  n 
I/) 


o  in 


—  M  n  ♦  m 


u 

Q. 


CO 

u 

I 

o 

NO 
ON 


CM 

00 
CM 
LO 
LU 


o 
cn 

I 

s- 
o 

M- 
</) 

E 
i. 

CT> 
O 

</) 


O. 

a 
c 

&. 


o  o  o  o  o 


or-*  —  ininMO'*-9-nh-r~f~eDM<£oo 


o  —  —  »-fvjo-"-rMc  ♦rvjoonfVJMtvio 


ooooooocooooooocooo 


«  o 

4 

>  o 

•  in 

»in 

♦  in 

4 

>  in 

•  •♦ 

» « 

«  o 

4 

>  o 

•  ♦ 

•  ♦ 

♦  in 

4 

>  in 

•  n 

. 

•  tn 

♦  o 

4 

>  e 

•  n 

< 

a 

•  n 

♦  in 

O    ■      4 

m 

•  <VI 

Z 

o 
>- 

, 

•  fVJ 

z 

♦  o 

O 

X            4 

o 

o 

•  PU 

> 

\ 

•  fVJ 

♦  m 

z 

a       4 

^                             ^H 

in 

s 

UJ 

l/> 

o 

o 

1        .1 

•  0^ 

UJ 

in 

CO 

o 

♦  o 

4 

>  © 

o 

Jm 

u. 
o 

♦  m 

z 

UJ 

cr 

UJ 

4 

■ 

UI 

in 

z 

UJ 

u 

IZ 
UJ 

*  o 

a 

4 

oooooooo 

o  o  c 

OOCOOOCO    4 

o 

a. 

*- 

o 

a 

eooocooo 

o  r~  ^ 

on>f>i*ih-ar>— o 

(\j 

oooooooo 

O  1*1  r- 

*(J-l'10-"W-#0 

—  <\i  r;  .»  If  J  in  f^  o 

«« 

~i 

-1 

< 

o 

oooooooo 

o  —  — 

nj-*  —  run(M•♦^- 

« 

►- 

z 

►— 

O 

o 

y- 

^ 

0. 

o  in  o  in  =  IT.  o  L'^ 

o  iT  e 

inoinojic-no 

* 

»M 

"-  —  nj  (\i  n  n 

>«•  •*  If  . 

in-C'Ot^r^^fCCT' 

o 

103 


V 


■3 
, « 

■I- 


ro 
I 

CO 

C\J 

UD 

LlJ 
Qi 

ID 
CD 


E    = 

o  ;e 

iS  o 
SIS 


s_  -o 

O  £= 

O)  •!- 

OJ  E 

-M  O 

(/I  C_3 


104 


X  (U 

4J  > 

•H  (U 

3  p-J 

T3  C 

OJ  O 

C  -H 

•H  U 

^  -H 

E  C 

O  00 

O  M 

c  -a 

o  .H 

•H  O 

ca  c 


w 


o 
o  m 

vO   O 


C   r— 

o  a> 

•I-  > 

■4->    (U 

(O   _J 

+-) 

oo    c 

o 

Q.T- 

£   -M 

3  -r- 

Q.    C 

cn 

O   H-i 

V£> 

^ 

C3^  "O 

1 

1 

00 

S-  O 

O  — - 

CVJ 

Lrt 

CO    O 

*A  * 

E   -r- 

Ixl 

3 

a>+j 

CD 

o  oo 

l-H 
li_ 

CO   O 

•I-    LO 

re  o 

I— 1 

Q. 

•1-  ^ 

O    +J 

•^ 

-a   s 

c 

re  T3 

O) 

<u   c 

.i^     •!- 

T-  ja 

&.   E 

4->    o 

00  o 

X 

< 
o 

^^ 

X 

cr 

t/1 


♦    O 

in 


in 


ooooooooooococoooco 


z 
o 


> 

UJ 

c 


o 
or 
u 
a 


r 
o 


Q. 
C 


*  e 

•  in 


♦  in 


♦   iT 


*  e 

•  en 


♦  m 


oooooooooooooocoooo   *  o 


u       ..«....• ••      in 

a.        o  —  r",  LloDO— Of\jr-h-.»a  —  >C  —  -tfoo 


o iri 

a.       o-^.-^—ni/iininm'Ccooirrvjh.co-*© 


c 
z 


c 


isi       oocoooooocooooooooe 


a 
o 


0""00-"  —  oeo  —  njvc>ooo'y>a^ff- 


oiT  oxiomoifioinoxiOifioLf'oiro 


105 


at 

JSZ 
CO 


LO 

"^ 

1 

CO 

S- 

o 

* 

^- 

C\J 

LT) 

o 

r— ' 

ZD 

as 

u 

•f— 

l-H 

SI 

a. 

m 

s- 

CT> 

O 

<u 

s- 

(U 

+-> 

oo 

106 


ooooooooooooooooooo 


ooooooooooooooooooo  «o 


o 
n  o 

z 
■»  — 
uj  a 
z  < 

UJ 

»-  X 


(T3 

(/I 


Ui  z 

V    1 

•A 

>  z 

ft* 

z 

o 

o 

CO 

(/I 

CM  E 

10 

LD  S- 

cn 

LU  O 

a:       -M 

Z3  1/1 

CD         -1- 

1—1       zn 

Ll. 

Q. 
•^ 
Q 

T3 

C 

to 

OJ 

•r- 

S- 
■(-> 
00 


^   ooooooooooooooooooo   o 


ooooooooooooooooooo 


*^-^mo  -"fvo  —  .'n'vifvj'^*^o--^j-^oo 


oooooooooorvt-^  ^ 


I  o  '^  <^  tn  — • 


ou^Ok/>oinoi/ioinoti^ot/)ouiOiAo 


107 


> 

UJ 

-1 

UJ 


■M 

o 


o 

■-3 

C 
O 
't— 
4J 
(O 
+-> 
CO 

00      ^ 
c\j'       t^ 


CJ3 


&. 
O 


4-> 

o 


Q. 
O 


Q. 

<a 

s_ 
en 
o 
(U 

s. 

O) 
CO 


108 


STRUf 

Din 

f ;«iKf 

OlP 

215. 

ti. 

1           95. 

2S5. 

47.                        ; 

2         C5. 

285. 

i  7. 

3          95. 

270. 

31.                                  ! 

4          95. 

• 

275. 

Jf. 

5         95. 

2  75. 

.'P. 

16           05. 

290. 

5». 

17       14C. 

155. 

35. 

i       305. 

US. 

35. 

S«        140. 

10 

135. 

35.                                  < 

"       305. 

11 

135. 

35. 

1          9b. 

^^ 

135. 

35.                               1 

2       320. 

13 

135. 

35. 

.3          90. 

1 1, 

305. 

:.' •                       i 

4       125. 

15 

305. 

55. 

.5       295. 

It 

•05. 

55. 

.6       295, 

17 

120. 

6S. 

17       2a3. 

1  8 

300, 

ti>. 

.3       125. 

1° 

270. 

42. 

.9          30. 

?l) 

2O0. 

70. 

50       2O0. 

21 

2«0. 

75. 

i-\       124. 

22 

2<^<i. 

7n. 

52       1251. 

21 

2<-0. 

?U. 

53       115. 

?t 

290, 

7'j. 

54       120. 

25 

2O0, 

70. 

55       125. 

26 

290. 

':). 

it      290. 

27 

315. 

60. 

57      345. 

?8 

315. 

6). 

S3       119. 

SO 

315. 

d.''. 

W       l;5. 

?9 

95. 

SKiue  H 

50       300. 
STCC5I- 

p 

0.0 

0 

0 

0.0 

0 

0.0 
5.4 

0 

°m 

■ 

10.2 

■■)  m 

1 

11.6 
16.3 

0 

0  H 

1 

21.1 

0^ 

1 

24.5 

OF^ 

2"».? 

0  '§h 

1 

1.2.2 

n  ^ij^ 

■H^HH 

50. "J 

0  ^ 

^S^»^^^B^HM 

77.6 

"t^ 

^^^9ii^^^H 

►,7.1 

^^t-=^ 

^Q^SI 

98.0 
o«  ,6 

0  hI 

HH^Hl 

0 

V2.6 
oo.  3 

'l\ 

100.0 

sirikc 

CII- 

fcl 

265. 

51' 

62 

ts. 

52 

t; 

260. 

frO 

70. 

62 

61. 

5<. 

11^. 

52 

250. 

70 

300. 

60 

i2. 

to 

355. 

S5 

254. 

tc 

70. 

ti 

150. 

68 

55. 

n^ 

eO. 

e  } 

110. 

74 

4(1. 

?  1 

265. 

50 

45. 

90 

40. 

O 

2«0. 

50 

2?0. 

50 

60. 

37 

300. 

60 

320, 

90 

4!  . 

9u 

280. 

6" 

ea 

90. 

3'i 

85 

320. 

7t 

90 

295. 

66 

STUIkt 

OIC 

11 

245. 

15 

o? 

245, 

!<• 

"J 

250. 

tlt< 

"4 

115. 

ro 

'5 

135. 

54 

9(. 

13  0. 

59 

9? 

125. 

il' 

<>r 

2!<0. 

52 

99 

11  j. 

5^ 

110 

6  0. 

9  0 

1)1 

2V0. 

5" 

V>2 

110. 

61 

Hi 

2ii}, 

63 

1J4 

60. 

S7 

105 

290. 

^  4 

lOA 

230. 

58 

107 

2(<0. 

54 

l:)» 

30. 

10 

1J9 

50. 

90 

110 

30. 

90 

111 

30. 

9J 

112 

30. 

Oj 

113 

30. 

V.I 

114 

40. 

VI 

115 

40. 

<)■: 

116 

290. 

32 

117 

20«. 

41 

11  ^ 

2  9f.. 

.  n 

11^ 

208. 

43 

120 

110. 

53 

5T»|«l 

0I» 

12- 

217. 

8C. 

122 

215. 

JO, 

123 

295. 

•  ■) 

124 

VO. 

30 

125 

207. 

l!5 

126 

207. 

35 

127 

135. 

44 

121 

2f  7. 

68 

129 

2*7. 

oi. 

130 

217. 

6* 

1J1 

285. 

70 

132 

285. 

72 

133 

Al>.  . 

90 

134 

4>. 

00 

135 

55. 

90 

136 

295. 

SO 

137 

303. 

35 

i;s 

300. 

35 

139 

300. 

35 

14U 

300. 

35 

141 

300. 

J5 

142 

510. 

46 

UJ 

293. 

22 

144 

300. 

55 

145 

150. 

44 

146 

252. 

e: 

147 

295. 

52 

148 

0. 

0 

n* 

0. 

0 

150 

0. 

0 

t»L   147    0     5    10    IS    20    25    33    35 
PFRCFNI  OF  08SE«VltlONS 


MID     SHAFT    STATION     JOINT    DATA 
ELEV.     bios' 


FIGURE  5.2.8-8 
Strike  and  Dip  Histograms  for  Mid  Shaft  Station  Joint  Data 
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Water  production  in  the  V/E  shaft  increased  from  110 
to  160  gpm  during  the  development  of  the  station  at  960  feet.  At  the  1050  foot 
station  water  production  increased  from  165  to  490  gpm  mainly  through  leached 
vugs  previously  described.  The  largest  water  increase  was  encountered  in  the 
Ignition  Level  station.  Water  production  increased  from  335  to  830  gpm.  No 
water  was  encountered  in  the  Mahogany  Zone. 

Total  inflow  from  the  Service  and  Production  shafts  as 
of  December  was  approximately  450  gpm.  Probing  performed  during  the  year  failed 
to  encounter  any  major  flows  through  the  bottom  of  either  shaft. 

5.3  Water  Quality 

5.3.1  Streams 

5.3.1.1  Scope 

The  spatial  limits  of  the  stream  quality  monitoring 
program  are  from  the  USGS  station  WU07  upstream  from  the  C-b  Tract  to  USGS 
WUOO  downstream  and  west  of  the  Tract.  The  locations  of  these  stations  and 
other  USGS  stations  were  shown  previously  on  Figure  5.2.1-1  and  described  in 
Table  5.2.1-1.  The  program  includes  stations  on  streams  tributary  to  Piceance 
Creek  that  are  on  or  adjacent  to  the  Tract.  The  sampling  frequency  and  para- 
meters measured  at  USGS  stations  are  shown  in  Tables  5.3.1-1  and  5.3.1-2.  The 
sampling  intervals  for  the  stream  monitoring  program  are  shown  in  Figure 
5.3.1-1.  The  Water  Augmentation  Plan  requires  measurements  of  water  quality  at 
USGS  stations  identified  previously  in  Table  5.2.1-1.  The  water  quality  data 
for  stations  other  than  the  major  stations  are  provided  in  Appendix  Tables 
A5.3.1-1  through  A5.3.1-3.  Water  quality  data  for  the  major  stations  are  dis- 
cussed below. 

5.3.1.2  Objectives 

The  surface  stream  water  quality  monitoring  program 
was  implemented  to  detect  changes  in  water  quality,  and  if  changes  are  detected, 
to  investigate  the  cause  for  change. 

5.3.1.3  Experimental  Design 

Data  from  the  monitoring  network  were  collected  and 
analyzed  according  to  the  schedules  and  parameters  noted  in  Tables  5.3.1-1  and 
5.3.1-2.  In  addition  to  the  laboratory  analyses  listed  in  Tables  5.3.1-1  and 
5.3.1-2,  measurements  of  flow,  temperature  and  specific  conductance  were  made  at 
all  stations.  At  the  four  major  stations  on  perennial  streams,  pH  and  dissolved 
oxygen  are  measured  and  recorded  at  the  two  Piceance  Creek  stations.  Suspended 
sediment  samples  are  obtained  at  Stations  WU07,  WU22,  WU39,  WU58,  and  WU61.  All 
water  quality  samples  are  analyzed  by  procedures  previously  used  during  the 
Environmental  Baseline  Study.  Analysis  and  data  verification  for  the  USGS  sta- 
tions are  performed  by  the  USGS  laboratories  in  Denver  and  by  the  USGS  Sub- 
division office  in  Meeker.  Samples  for  streambed  sediment  characterization  were 
taken  at  Station  WU42. 
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TABLE  5.3.1-1 
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TABLE  5.3.1-2 
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5.3.1.4  Methods  of  Analysis 

Linear  regression  analyses  were  used  as  an   initial 
screening  technique  to  test  for  the  existence  of   linear  trends  with  time. 
Histograms  were  also  used  for  the  statistical   analyses  of  stream  quality  data. 
Paired  t-tests  are  used  to  test  the  equality  between  two  distinct  population 
means  of  some  variable.     Histogram  comparisons  are  used  to  compare  variables  for 
stations  over  time  as  well   as  station-to-station  comparisons  of  variables  during 
the  same  time  interval. 

Techniques  utilized  in  water  quality  analyses   are 
shown   in  Table  5.3.1-3.     All   statistical   tests  were  run  to  test  an  acceptance  of 
a  null   hypothesis  at  a  five  percent   level   of  significance. 

5.3.1.5  Discussion  and  Results 

Table  5.3.1-4  lists  mean,  maximum  and  minimum  values 
for  selected  water  quality  parameters  for  the  four  major  stream  gauging  stations 
and  for  WU42  which  monitors  effluent  discharges  from  C-b  (via  East  No  Name 
Creek)  into  Piceance  Creek.  Histograms  and  plots  of  these  parameters  with  time 
are  in  the  Appendix.  At  the  two  stations  on  Piceance  Creek  the  maximum  and  min- 
imum concentrations  occurred  primarily  on  three  days  during  the  water  year.  At 
WU07  most  of  the  minimum  readings  were  obtained  on  May  15,  1980.  May  14  was  a 
significant  day  for  minimum  concentrations  at  WU61.  At  Station  WU61  the  most 
significant  day  for  maximum  concentrations  was  July  16,  1980.  This  same  day  was 
one  of  two  days  with  maximum  readings  at  Station  WU07.  Section  5.3.6  discusses 
parameters  analyzed  for  NPDES  compliance. 

At  WU07  the  minimum  readings  occurred  on  the  sixth 
consecutive  day  of  greater  than  100  cfs  daily  mean.  The  maximum  flow  for  the 
year  at  WU07  occurred  on  May  17.  At  Station  WU61  the  maximum  flow  for  the  year 
as  well  as  the  historic  maximum  occurred  on  May  13,  one  day  prior  to  the  sampl- 
ing day.  The  majority  of  the  maximum  concentrations  at  WU07  occurred  during  the 
low  flow  period  in  November.  The  majority  of  maximum  readings  at  WU61  occurred 
during  a  low  flow  period  in  July. 

The  maximum  and  minimum  readings  at  WU42  occurred  at 
various  dates  and  reflect  discharges  from  Tract  C-b.  The  chemistry  of  the 
waters  of  Piceance  Creek  are  a  function  of  natural  flow  conditions  for  the  most 
part.  One  exception  is  the  concentration  of  fluoride  at  WU61  which  doubled  dur- 
ing the  period  July  to  September  1980.  Prior  to  July  the  average  fluoride  con- 
centration was  0.6  mg/1.  One  explanation  for  this  increase  is  the  effluent  dis- 
charge into  the  stream  past  WU52;  however,  evidence  for  this  effect  is  weak 
since  the  1980  average  is  0.8  and  baseline  average  is  0.9.  The  rate  of 
discharge  itself  doubled  during  the  latter  half  of  the  water  year.  This 
increase  in  discharge  was  coincident  with  a  decrease  in  actual  flow  in  Piceance 
Creek  magnifying  the  effect  of  effluent  loading.  By  October,  the  beginning  of 
the  1981  water  year,  the  streamflow  and  fluoride  concentration  at  Station  WU61 
had  decreased  below  that  of  September,  1980. 
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TABLE  5.3.1-3 
Statistical  Techniques  Used  in  Water  Quality  Analyses 


Hydrology  Subsections 

Analysis 
Performed 

5.3.1  USGS  Stations 

A 
B 
D 
F 

G 

5.3.2  Springs  and  Seeps 

F 
G 

5.3.3  Alluvial  Wells 

F 
G 

5.3.4  Upper  and  Lower 

5.3.5  Aquifers 

F 
G 

5.3.6  Impoundments 

B 
F 
G 

Correlations  Suggested  under 
Water  Augmentation  Plan 

B 
D 
F 

Key:  A.  Time  Series  Plots 

B.  Linear  Regression  Analysis 

D.  Histogram  Analysis 

F.  Tables 

G.  Visual   Analysis  of  Tables  and  Graphs 
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The  baseline  fluoride  concentrations  at  Station  WU07 
and  WU61  were  0.9  mg/1.  For  the  1980  water  year  the  mean  concentration  for 
these  stations  was  0.8  mg/1. 

Table  5.3.1-5  compares  baseline  mean  values  for  major 
constituents  and  the  mean  values  for  the  1980  water  year  at  the  major  stations. 
Ratios  of  constituent  concentrations  at  WU61  and  WU07  are  presented  in  Table 
5.3.1-6.  A  major  difference  in  these  ratios  is  found  in  the  ammonia  concentra- 
tion at  WU61.  This  is  most  likely  attributed  to  ranching  operations  in  the 
valley  along  Piceance  Creek  above  WU61. 

Table  5.3.1-7  shows  the  results  of  the  application  of 
a  linear  regression  model  to  the  water  quality  data  from  major  USGS  stations. 
Four  items  are  shown  and  are  identified  in  the  table  footnotes:  mean  and  number 
of  observations,  the  alpha  level  to  be  compared  with  the  selected  alpha  of  0.05, 
the  slope  of  the  regression  line,  and  the  r-square  value.  The  omission  of  items 
three  and  four  indicates  that  the  linear  model  did  not  fit  the  data  at  the  0.05 
level  of  significance.  Short-term  linear  trends  were  shown  in  temperature  and 
pH  at  all  four  stations.  Temperature  varies  seasonally  and  therefore  displays 
short-term  trends.  The  slope  of  the  regression  line  for  pH  with  respect  to  time 
was  essentially  zero.  Dissolved  oxygen  showed  a  slight  negative  trend  at  three 
of  the  four  stations;  these  trends  reflect  the  temperature  dependence  of  dis- 
solved oxygen  content.  Arsenic  showed  a  positive  trend  at  only  one  station, 
WU07,  upstream  from  the  Tract.  No  trends  were  seen  for  the  other  three  sta- 
tions. WU22,  upstream  from  the  C-b  Tract,  showed  a  positive  linear  trend  in 
dissolved  organic  carbon.  No  short-term  linear  trends  were  shown  for  boron, 
fluoride,  sodium,  total  dissolved  solids,  sulfate,  specific  conductivity,  or 
ammonia. 

5.3.2  Springs 

5.3.2.1  Scope 

As  discussed  in  5.2.2,  there  is  a  substantial 
contribution  to  Piceance  Creek  by  springs  during  periods  of  low  stream  flow. 
There  is  no  documentation  on  spring  sources,  and  the  hydrologic  relationships 
are  imperfectly  known.  Although  no  springs  are  known  to  exist  on  the  Tract, 
there  are  several  nearby  that  may  or  may  not  be  affected  by  significant  changes 
in  the  groundwater  system  caused  by  dewatering  activities. 

Water  quality  data  were  gathered  during  the  baseline 
phase,  and  new  springs  were  added  by  the  requirements  of  the  Water  Augmentation 
Plan.  Spring  locations  were  shown  previously  as  Figure  5.2.2-1.  Parameters  and 
sampling  frequency  for  water  quality  of  springs  are  shown  in  Table  5.3.2-1,  and 
sampling  intervals  are  shown  in  Figure  5.3.2-1. 

5.3.2.2  Objectives 

Objectives  in  monitoring  the  water  quality  of  springs 
are  to  provide  data  for  the  investigation  of  spring  sources,  for  the  investiga- 
tion of  changes  or  trends  in  spring  water  quality,  and  to  determine  whether 
these  changes  are  related  to  C-b  development. 
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TABLE  5.3.1-5 

Comparisons  of  1980  Water  Year  vs.  Baseline  for 
Mean  Values  of  Major  Constituents 

Baselines  are  mean  values 

Station  values  are  12-month  averages,  10/79  -  9/80 


WU07 

WU22 

WU58 

WU61 

1979-80 

Baseline 

1979-80 

Baseline 

1979-80 

Baseline 

1979-80 

Baseline 

Alk 

386 

422 

405 

403 

377 

402 

412 

465 

NH3 

0.04 

0.04 

0.02 

0.02 

0.07 

0.02 

0.07 

0.03 

Aa 

0.0031 

0.0024 

0.0018 

0.0010 

0.0020 

0.0011 

0.0030 

0.0023 

B 

0.184 

0.209 

0.104 

0.108 

0.130 

0.210 

0.187 

0.214 

Ca 

68 

69 

86 

93 

86 

92 

70 

78 

CI 

11.6 

15 

6.9 

7.2 

10.8 

11.5 

11.5 

14 

F 

0.8 

0.9 

0.4 

0.3 

0.4 

0.4 

0.8 

0.9 

Mg 

44 

46 

69 

76 

67 

76 

55 

67 

Mn 

45 

46 

9 

10 

12 

14 

34 

66 

DOC 

13.6 

- 

10.9 

- 

8.7 

- 

16.7 

- 

K 

3.2 

3.6 

1.5 

1.6 

2.2 

2.2 

3.5 

3.5 

Si 

16 

15 

14 

15 

16 

15 

16 

17 

Na 

111 

122 

125 

124 

112 

128 

128 

150 

TDS 

667 

692 

885 

936 

835 

926 

782 

902 

SO, 

177 

164 

133 

368 

313 

356 

240 

290 

Values  are  in  mg/1 

Station  values  in  1979-80  are  for  the  months  of  10/79  to  9/80  from  U.S.G.S.  water 
analyses. 

Baseline  values  are  for  the  period  11/74  to  10/76  -  from  environmental  baseline 
program. 
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TABLE  5.3.1-6 
Ratios  of  12  month  means,  10/79  -  9/80 


1979-80,  WU61/WU07 

Baseline,  WU61/WU07 

Alk 

1.06 

1.10 

NH3 

1.75 

0.75 

As 

0.97 

0.96 

B 

1.02 

1.02 

Ca 

1.03 

1.13 

CI 

0.99 

0.93 

F 

1.00 

1.00 

Mg 

1.20 

1.46 

Mn 

0.76 

1.43 

K 

1.09 

0.97 

Si 

1.00 

1.13 

Na 

1.15 

1.23 

SO4 

1.36 

1.77 

TDS 

1.17 

1.30 

From  U.S.G.S.  stream  monitoring  data,  1979-80, 
and  Oil  Shale  Tract  C-b  Environmental  Baseline 
Program. 
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TABLE   5.3.2-1 

WATER    SAfTLlNC    FREQIIENC  V    RF.OIU  RJ-MENTS 
Srr.IKCS    AND   SEEPS    STATIONS* 


PflV^'ETERS                                               SVMCOL 

nAILY 

WEEKLY 

MONTHLY 

OUARTERLY 

SEHI- 

a:i:;l'ally 

AN'?;UALI.Y 

— '-.Z     '-iJ-alimtv                                  MA 

1 
1 

• 

Cl.r-^nurr                                                                       Al 

1 

* 

1 

tntironv 

x 

Arsenic                                                              As 
Bactcia                                                       SB 

z 

Bervniuf"                                                     be 

• 

eiolcoical   0Kvq5n  De-nand                       300 

t 

Sismuin                                                         Bi 
Boron                                                                  B 

m 

i 

Cadmiim                                                         Cd 

m 

• 

Cjrtonate                                                          COt 

8 

m 

1 

Chemical    0«ygen    Oeffland                             COD 
Chloride                                                       CI 

• 

• 

! 

Cobalt                                                           Co 

# 

Cclifcn-.   Total 

^ 

Cord.    :-vdrocar5Cn                                        CH 

Cc?Der                                                       Cu 

• 

• 

Dissolve  Oivtj^n                                       DO 

^ 

Elen?nt  Scan 

^ecal   3tre:Jtococc'JS 

• 

Fluorids                                                   F 

■ 

• 

Gallium                                                         ^a 
Gemaniupi                                                 Ge 

Hsroness   (Cj.  I'.i) 

Hvdrnodes                                                       OH 

•" 

loaine                                                        1 
Iron                                                                     Fe 

• 

J'sjeldafil   Nitrogen 

Lead                                                       Pl> 

5 

• 

Litil'jm                                                         Li 

# 

ragnesiuffl                                                 ^'9 
'■•anoanese                                                 Mn 

s 

Mercury                                                         r.g 
fethvlen?  31i;!  «ctive  Substance        "'WS 

• 

Mclycderum                                                   ■  o 
Hic^el                                                           'li 

# 
4 

Nitrate                                                         MJ? 
nitrite                                                     '-07 

« 

uacr 

Dii    i    Grojse                                                              JLbK 

• 

Organic  Cartor.   [^'sscWea                    -OC 
Prga*^,)'  Cir'-?".  *ctal                            *0C 

>■ 

Crtno-fhoschcrus   (P'-osonace)               "On 
Pesticides 

cH                                                               sH 
Pkpnols 

• 

PilA                                                                       flA 

• 

Sedirent  Character<:;'.ion 

Selenium                                                    ie 
Sc-ardium                                                        SC 

• 

Silica                                                            3i02 
Silver                                                       Aq 

Stdijn                                                            Na 
Solids,  Dissolved                                   TDS 

* 

Solid;,   Suspended                                      SOLS 
Stnntiyn                                                      5r 

t 

Surfactants 

Sulfate                                                      S04 

• 

Te-;?ratjre    ;'C) 

• 

'in                                                                        Sn 
Titari'jr.                                                            Ti 

Tur;;ten                                                        W 
Turciditv 

1 

i/anadiun                                                        V 
Yttrium                                                               '' 

Zinc                                                                     Zn 

» 

^ariD-cf.ity 

:,r->-.   ;ir!-s    (rrl  ) 

• 

qadiuT  zzt                             Rarze 

1 

Grcss  Seta 

Cesij-                                             CE137. 

* 

Sr?o 

Thcrium  230                                         'H?30 

Fractionation   of 
0-':a"lc   Caroon    into 

1                                               j 

a.   H/croriobic  Bases 
t.   »^vcrcrhobiC  Acids 

I 

c.  ^-vd-crnnb1c  Neutrals 

d.  Hvdrcrnilic  Eases 

i 

j                1 

e.  rivc^nnriil  ic  Acids 

f.  rvarsj-nilic  Neutrals 

i 

1           1            1 

*      DMP   and   WAP   stations   WSOl 
stations   CER-1,    S-3,    H-3, 
SY:y^CLS 


,  wso:,  WS03,  vsoi,  u?nf).  wso7,  wso9, 

F-3,  rig.  4-A,  U-4,  W-9.  CER-7,  S-S", 


U'SIO.   Additional  «Ar 
P3  i,   3A. 


•   Acplies  to  all  D!(P  stations. 

►  Applies  to  t«o  stations  to  bo  selected  by  AOSSO. 

H   Arplies  to  DMP  and  MAP  stations. 

'id  3 
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5.3.2.3  Experimental  Design 

Water  quality  data  from  springs  obtained  according  to 
the  parameters  and  sampling  frequency  shown  on  Table  5.3.2-1  are  analyzed  ac- 
cording to  methods  discussed  below. 

5.3.2.4  Methods  of  Analysis 

Water  quality  data  from  springs  are  analyzed  using 
time  series  plots  and  a  linear  regression  model  with  respect  to  time  to  identify 
linear  trends,  if  any  exist. 

5.3.2.5  Discussion  and  Results 

Plots  of  water  quality  parameters  with  respect  to  time 
dre   shown  in  the  Appendix  Figures  A5.3.2-1  through  A5.3.2-24. 

Table  A5.3.2-1  in  the  Appendix  presents  the  results  of 
the  application  of  a  linear  regression  model  to  the  water  quality  data. 
Table  5.3.2-2  is  a  summary  of  the  linear  regression  analysis.  Inspection  of 
the  plots  of  water  quality  parameters  with  time,  included  in  the  Appendix  as 
Figures  A5.3.2-1  through  A5.3.2-24,  reveals  that  most  appear  to  have  a  cyclical 
pattern.  Temperature  reaches  a  minimum  several  degrees  below  the  mean  in 
February  1980  and  a  maximum  several  degrees  above  the  mean  in  June  1980.  This 
cyclical  pattern  is  also  apparent  in  dissolved  oxygen,  which  varies  inversely 
with  temperature.  A  cyclical  pattern  also  appears  in  specific  conductance 
values  which  appear  higher  in  winter,  declining  to  lower  values  in  late  spring 
and  early  summer,  and  returning  to  higher  values  in  late  summer  and  early  fall. 

^ery   few  of  the  water  quality  parameters  exhibit 
trends  with  time.  A  notable  exception  is  arsenic,  which  shows  a  slightly  nega- 
tive slope  in  regression  in  eight  of  the  springs.  No  cause  for  this  trend  has 
been  determined. 

Specific  conductivity  data  (SPC),  although  a  trend 
appeared  in  only  one  spring,  show  that  means  were  consistently  similar  as  were 
the  standard  deviations.  Standard  deviations  were  large,  approximately  twice 
the  mean,  which  implied  a  highly  skewed  distribution  and  that  springs  may  have  a 
common  source.  In  addition,  the  SPC  values  were  much  lower  than  SPC  values  of 
the  wells  and  surface  streams  which  indicates  that  the  springs  may  be  precipita- 
tion derived. 

Baseline  samples  for  fluoride  for  every   spring  were 
two  to  three  times  higher  than  any  subsequently  reported  value.  It  would  there- 
fore appear  that  springs  are  showing  declines  in  arsenic  and  fluoride  concentra- 
tions. 

5.3.3  Alluvial  Wells 

5.3.3.1  Scope 

Alluvial  wells  were  drilled  in  all  quiches  at  C-b 
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TABLE  5.3.2-2 

Summary  of  Results  of  Linear  Regression  Analysis  of 
Water  Quality  Data  from  Springs 


Parameter 


Summary  of  Results 


pH 

Temperature 
Specific  Conductance 
Dissolved  Oxygen 
Arsenic 


Fluoride 


Boron 


Total  Dissolved  Solids 


Sodium 


Sulfate 


Ammonia 


WS06,  slight  negative  slope,  r  =  0.32 

No  linear  trends 

2 
WSll,  positive  slope,  r  =  0.97 

No  1 inear  trends 

WSOl,  WS02,  WS03,  WS04,  WS06,  WS07,  WS09,  WSIO, 

2 
all  slightly  negative  slopes,  r  range  from  0.29 

to  0.83 

WSIO,  WSll,  slight  positive  slope,  r^  =  0.998 

WSOl,  WS03,  WS04,  WS06,  WS07,  all  negative  slopes 
2 
r  range  from  0.03  to  0.40 

No  linear  trends 

WS03,  WS06,  WS07,  WSll,  all  negative  slopes,  r 
range  from  0.29  to  0.998 

WS02,  WS03,  both  negative  slopes,  r^  0.30  and 
0.001,  respectively. 

2 
WS06,  negative  slope,  r  =  0.60 
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and  in  the  major  drainages  of  Piceance  Creek,  Willow  Creek,  and  Stewart  Gulch. 
These  wells  were  sampled  over  the  two-year  baseline  period  and  will  be  used 
for  monitoring  during  development  of  C-b.  The  location  of  these  wells  were 
shown  previously  in  Figure  5.2.3-1.  The  parameters  and  frequency  of  water  qual- 
ity sampling  are  shown  in  Table  5.3.3-1  and  Figure  5.3.3-1  provides  the  sampling 
time  intervals  for  alluvial  wells. 

In  addition  to  the  13  alluvial  wells  monitored  during 
and  since  baseline,  one  additional  well  was  drilled  and  added  to  the  monitoring 
network.  This  well,  A5A,  was  shown  previously  in  Figure  5.2.3-1. 

5.3.3.2  Objectives 

The  objectives  of  monitoring  the  water  quality  in  the 
alluvial  wells  are  to  ascertain  if  there  are  significant  changes  in  the  water 
quality  in  the  alluvium  of  Piceance  Creek  and  its  tributaries  on  and  adjacent  to 
the  Tract,  and  to  determine  if  changes  in  water  quality  are  attributable  to 
activities  on  Tract  C-b. 

5.3.3.3  Experimental  Design 

The  parameters  analyzed  according  to  the  frequency 
shown  in  Table  5.3.3-2  were  evaluated  for  water  quality  changes,  and  if  signif- 
icant changes  occurred,  to  determine  if  these  changes  were  due  to  C-b  develop- 
ment. 

5.3.3.4  Methods  of  Analysis 

A  linear  regression  model  was  applied  to  selected 
water  quality  data  with  respect  to  time  as  an  initial  screening  technique  to 
identify  the  existence  of  trends  in  water  quality  constituents  in  the  alluvial 
wells.  Plots  of  water  quality  parameters  with  time  were  analyzed  subjectively. 

5.3.3.5  Discussion  and  Results 

Table  5.3.3-2  presents  the  1980  mean  values  and  the 
long-term  mean  values  for  selected  consitituents  from  water  quality  sampling  of 
the  alluvial  wells.  The  1980  mean  values  for  sodium  bicarbonate  and  sulfate 
are  all  lower  than  the  long-term  mean  values.  The  1980  mean  value  for  fluoride 
is  equal  to  or  lower  than  the  long-term  mean  values  in  all  wells  where  long- 
term  means  were  available.  New  low  values  were  established  or  existing  low  val- 
ues were  matched  for  fluoride,  sodium  and  sulfate  by  analysis  of  water  samples 
taken  in  July  19  and  April  1980.  New  high  values  were  established  for  calcium 
and  TDS  by  analysis  of  water  samples  taken  in  April,  May,  and  October  1980.  The 
value  of  TDS  in  July  1980  matched  the  previous  high  in  April  1980  and  October 
1974  at  WA12.  The  new  low  readings  in  July  1980  account  for  39  percent  of  the 
lowest  readings  for  these  constituents.  At  WA05  a  slight  increase  in  fluoride 
values  occurred  in  1980.  However,  these  did  not  even  approach  the  high  values 
recorded  in  October  1974  (1.5  mg/1)  and  May  1975  (5.0  mg/1).  A  significant  in- 
crease occurred  in  the  level  of  calcium  at  WA09  in  April  1980.  This  well  is  in 
upper  Stewart  Gulch  in  an  area  not  possibly  affected  by  any  mining  or  related 
activity. 
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Total  alkalinity  values  and  the  range  of  these  values 
from  all  alluvial  wells  are  similar.  No  time  trends  are  exhibited.  In  par- 
ticular, the  alkalinity  at  WA05  upstream  from  the  discharge  point  and  at  WA06 
downstream  from  the  discharge  point  are  of  similar  value  implying  that  effects 
on  the  water  quality  of  the  alluvium  due  to  discharges  from  C-b  are  not 
apparent. 

Results  of  the  linear  regression  model  that  was  ap- 
plied to  selected  water  quality  data  with  respect  to  time  are  included  in 
the  Appendix  as  Table  A5.3.3-1.  Table  5.3.3-3  summarizes  the  information  pro- 
vided in  that  table.  As  indicated,  linear  trends  were  either  not  present  or 
were  negative.  Even  though  trends  are  indicated  in  some  instances,  regression 
line  slopes  were  near  zero.  Plots  of  the  constituents  with  respect  to  time  are 
provided  in  the  Appendix  as  Figures  A5.3.3-1  through  A5.3.3-9. 

5.3.4  Upper  Aquifer  Wells 

5.3.4.1  Scope 

The  wells  monitoring  the  water  quality  of  the  upper 
aquifer  are  the  same  as  those  used  to  monitor  water  levels.  The  locations  of 
upper  aquifer  wells  were  shown  previously  in  Figures  5.2.4-1  and  5.2.4-2. 

Table  5.3.4-1  shows  the  parameters  and  sampling  fre- 
quency used  in  the  upper  aquifer  wells.  Sampling  intervals  for  these  wells  are 
shown  in  Figure  5.3.4-1. 

Water  quality  samples  require  temporary  reduction  in 
water  levels.  The  sampling  schedule  was  adjusted  to  accommodate  anticipated 
tests  that  were  dependent  upon  water  level  data. 

5.3.4.2  Objectives 

The  objectives  of  measuring  the  water  quality  in  the 
Upper  Aquifer  wells  are  to  monitor  the  constituents  or  parameters  for  long-term 
changes,  and  if  changes  become  evident,  to  determine  if  they  are  attributable  to 
the  development  of  the  C-b  Tract. 

5.3.4.3  Experimental  Design 

Water  quality  data  from  the  Upper  Aquifer  wells  were 
obtained  to  be  used  in  the  analysis  for  potential  changes  in  water  quality  ac- 
cording to  the  methods  discussed  below. 

5.3.4.4  Methods  of  Analysis 

The  analysis  methods  used  for  the  water  quality  data 
from  the  Upper  Aquifer  wells  were  time  series  plots  and  a  general  linear  regres- 
sion model  as  an  initial  screen  for  water  quality  time  changes. 
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TABLE  5.3,3-3 
Summary  of  Long-Term  Linear  Trend  Analysis 
for  Selected  Water  Quality  Parameters  for  Tract  C-b  Alluvial   Wells 


Parameter 

Results 

Boron 

No  linear  trend  at  any  well. 

Fluoride 

No  linear  trend  at  any  well. 

Arsenic 

Seven  wells  with  negative  trends:  WAOl , 
WA03,  WA05,  WA06,  WA08,  WA09,  WA12. 

Sulfate 

Four  wells  with  neaative  trends:  WA06, 
WA07,  WAIO,  WA12^ 

Sodium 

One  well  with  linear  negative  trend:  WA06. 

Ammonia 

No  linear  trends  at  any  well. 

Molybdenum 

Four  wells  with  negative  trends:  WA02, 
WA03,  WA06,  WA09. 

pH 

One  well  with  negative  linear  trend:  WA12. 

Temperature 

No  linear  trend  at  any  well. 
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TABLE  5.3.4-1 
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SYMBOLS 

•  Applies  tri   all    C-b   affiliattd   stations 

^  Applies  to    st;itionH    and    spc-cies    to   be    ic'.tifiru. 

B  Applies  to   r.oth   ntfiliatrd   and  nnn-aifil.    tuu    stnticui.. 
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5.3.4.5  Discussion  and  Results 

Plots  of  water  quality  parameters  with  respect  to  time 
for  Upper  Aquifer  wells  are  provided  in  Figures  A5.3.4-1  through  A5.3.4-3  in 
the  Appendix. 

Short-term  analysis  of  water  quality  data  for  deep 
wells  are  not  performed  since  short-term  analysis  require  monthly  or  more  fre- 
quent samples;  Upper  Aquifer  wells  are  sampled  semi-annually. 

The  results  of  the  linear  regression  analysis  with 
respect  to  time  are  summarized  in  Tables  5.3.4-2  and  5.3.4-3.  The  four  entries 
for  each  regression  are:  (1)  the  mean  value  and  number  of  observations;  (2)  the 
alpha  level  of  significance  for  comparison  with  the  selected  0.05  alpha  level 
(alpha  less  than  0.05  implies  correlation  to  the  0.05  level  of  significance); 
(3)  slope  of  the  regression  line  from  the  linear  model;  and  (4)  the  r-square 
value.  If  items  three  and  four  are  omitted  from  the  table,  alpha  was  greater 
than  0.05  and  the  linear  model  did  not  fit  the  data. 

Boron  concentrations  showed  a  negative  trend  in  WX02, 
with  no  trends  in  the  other  wells.  Aluminum  displayed  negative  trends  at  WX04 
and  WX19  with  no  trends  shown  for  the  other  wells.  Potassium  showed  negative 
trends  at  WX04  to  WX21;  no  trends  were  shown  in  the  other  wells.  WXIO  showed  a 
negative  trend  in  total  dissolved  solids.  Calcium  displayed  a  positive  trend  at 
WX20,  but  no  trends  at  the  other  wells.  Ammonia  indicated  a  positive  trend  at 
WX19,  and  magnesium  showed  a  positive  trend  at  WX02.  Fluoride  levels  showed 
a  negative  linear  trend  in  WX02,  with  no  long-term  trends  in  the  other  wells. 
Even  though  trends  are  indicated  in  these  parameters  for  these  wells,  the  re- 
gression line  slopes  are  very  near  zero  for  all  cases.  As  Table  5.3.4-2  shows, 
no  trends  were  shown  in  any  remaining  wells  or  parameters. 

5.3.5  Lower  Aquifer  Wells 

5.3.5.1  Scope 

The  wells  monitoring  the  Lower  Aquifer  water  quality 
are  the  same  as  those  used  to  monitor  water  levels.  The  locations  of  the  Lower 
Aquifer  wells  were  shown  previously  in  Figures  5.2.4-1  and  5.2.4-2. 

Table  5.3.5-1  shows  the  parameters  and  sampling  fre- 
quency used  in  the  Lower  Aquifer  wells.  Sampling  intervals  for  these  wells  are 
shown  in  Figure  5.3.5-1. 

Water  quality  sampling  may  result  in  temporary  reduc- 
tion in  water  levels.  Tests  that  depend  upon  water  level  data  may  have  preclud- 
ed some  water  quality  sampling. 

5.3.5.2  Objectives 

The  objectives  of  measuring  the  water  quality  in  the 
Lower  Aquifer  wells  are  to  monitor  the  parameters  for  long-term  changes,  and  if 
changes  become  apparent,  to  attempt  to  investigate  the  causal  relationships  for 
the  changes. 
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TABLE  5.3.4-3 

Summary  of  Long  Term  Linear  Regression 
Water  Quality  Upper  Aquifer 


Parameter 

Result 

Specific  Conductance 

No  trends  exist 

Boron 

Only 

two  wells  with  trends,  both  negative: 

WX02 
WX55 

Aluminum 

Only 

two  wells  with  trends,  both  negative: 

WX04 
WX19 

Potassium 

Only 

two  wells  with  trends,  both  negative: 

WX04 
WX21 

TDS 

Only 

one  well  with  trend,  negative:  WXIO 

Ca 

Only 

two  wells  with  trends,  negative:  WX63 

positive:  WX20 

Ammonia 

Only 

one  well  with  trend,  positive:  WX19 

Magnesium 

Only 

two  wells  with  trends,  negative:  WX63 

positive:  WX02 
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5.3.5.3  Experimental  Design 

Water  quality  data  from  the  Lower  Aquifer  wells  were 
obtained  to  be  used  in  the  analysis  for  potential  changes  in  water  quality  ac- 
cording to  the  methods  discussed  below. 

5.3.5.4  Methods  of  Analysis 

Methods  used  in  analyzing  water  quality  data  from  the 
Lower  Aquifer  wells  were  plots  of  the  parameters  with  time  for  each  well  and 
a  linear  regression  model  to  determine  if  linear  trends  in  the  data  existed 
at  the  0.05  level  of  significance. 

5.3.5.5  Discussion  and  Results 

Time  series  plots  of  all  water  quality  parameters  with 
respect  to  time  are  provided  in  the  Appendix  as  Figures  A5.3.5-1  through 
A5.3.5-8. 

The  greater  than  monthly  sampling  interval  for  Lower 
Aquifer  wells  precludes  short-term  analysis;  only  long-term  analysis  were  per- 
formed. 

The  results  of  applying  the  linear  regression  model 
with  respect  to  time  are  included  in  Tables  5.3.5-2  and  5.3.5-3.  The  four 
entries  are  as  defined  previously  in  5.3.4.5  and  are  also  described  in  the 
table.  The  omission  of  entries  three  and  four  indicates  that  no  linear  trend 
could  be  shown  for  the  data  at  the  0.05  level  of  significance. 

A  long-term  positive  trend  in  boron  concentration  was 
indicated  in  WY81,  but  the  slope  of  the  linear  regression  line  is  nearly  zero. 
Aluminum  showed  a  negative  trend  although  the  slope  is  near  zero.  Magnesium 
showed  negative  trends  at  WY45  and  WY51.  Fluoride  in  WYOl  and  WY46  displayed  a 
positive  linear  trend  with  regression  line  slopes  of  near  zero. 

5.3.6  Water  Management:  Impoundments/Land  Application/Reinjection/ 
Discharge 

5.3.6.1  Scope 

Temporary  storages  designated  as  Ponds  A,  B,  and  C  are 
used  for  water  from  the  mine  during  development.  The  impoundment  system  was  de- 
scribed in  detail  in  Volume  1  and  briefly  summarized  in  5.2.6.  The  locations 
of  the  ponds  were  shown  in  Figure  5.2.6-1.  Parameters  and  frequency  of  sampling 
under  the  permit  requirements  are  shown  in  Table  5.3.6-1. 

Water  from  the  shafts  may  either  be  impounded  in  Ponds 
A  and  B,  discharged  from  these  ponds,  applied  to  the  soil  through  the  sprinkler 
system,  or  reinjected.  Reinjection  testing  was  initiated  by  the  end  of  1980. 
Sprinkler  irrigation  and  discharge  under  the  permit  were  used  during  1980. 
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TABLE  5.3.5-3 

Summary  of  Long  Term  Linear  Regression 
Water  Quality  -  Lower  Aquifer 


Parameter 

Results 

Specific  Conductance 

All  but  two  wells  show  a  negative  trend: 
WY61  and  WY62 

Boron 

One  well  shows  a  positive  trend:  WY81 

Aluminum 

Three  wells  show  a  negative  trend: 
WY46,  WY62,  WY91 

Potassium 

One  well  shows  a  negative  trend:  WY52 

Total  Dissolved  Solids 

No  1 inear  trend 

Calcium 

No  linear  trend 

Ammonia 

Two  wells  show  a  negative  trend: 
WY17,  WY52 

Magnesium 

Two  wells  show  a  negative  trend: 
WY45,  WY51 

Fluoride 

Two  wells  show  a  positive  trend: 
WYOl,  WY46 
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Seepage  monitoring  is  done  by  sampling  wells  WW12  and 
WW13.  Locations  of  these  wells  are  shown  on  Figure  5.2.6-1. 

5.3.6.2  Objectives 

Water  quality  is  sampled  at  the  Pond  B  discharge 
(WN40)  to  ensure  compliance  with  the  NPDES  permit. 

Wells  WS12  and  WW13  are  sampled  to  determine  the 
effects  of  seepage  from  Ponds  A,  B,  and  C  on  the  water  quality  of  the  Uinta 
aquifer. 

5.3.6.3  Experimental  Design 

Samples  were  obtained  and  analyzed  according  to  the 
parameters  and  frequency  shown  in  Table  5.3.6-1.  The  data  from  the  analysis 
were  then  analyzed  according  to  techniques  discussed  in  5.3.6.4. 

5.3.6.4  Methods  of  Analysis 

Data  were  analyzed  by  inspection  of  plots  of  the  para- 
meter concentrations  with  time,  and  by  the  application  of  a  linear  model  as  an 
initial  screen  for  the  existence  of  linear  trends. 

5.3.6.5  Discussion  and  Results 

NPDES  discharge  of  mine  water  is  continuing  in  accord 
with  requested  permit  criteria  revision  (letter  submitted  10/19/80  to  the 
Colorado  WQCC)  requiring  change  on  the  basis  of  an  Agricultural  stream  use- 
classification  for  Piceance  Creek.  Meanwhile,  the  existing  permit  which  would 
have  expiree  December  31,  1980  has  been  temporarily  extended  for  two  years  with- 
out change  or  response  to  C.B.'s  requests  to  the  WQCC  for  change.  High  values 
for  fluoride  have  continued  throughout  1980  and  have  been  regularly  reported  to 
the  Colorado  WQCD.  There  have  been  no  exceedances  of  recommended  in-stream  cri- 
teria for  fish  and  wildlife. 

Data  from  the  analysis  of  weekly  water  quality  samples 
required  by  the  NPDES  permit  are  shown  in  Table  5.3.6-2. 

Results  from  the  analysis  of  samples  from  monitoring 
wells  WW12  and  WW13  are  shown  in  Tables  5.3.6-3  and  5.3.6-4,  respectively. 
Table  5.3.6-5  is  a  comparison  of  means,  ranges,  and  standard  deviations  of  data 
from  WW12  and  WW13,  to  data  from  WW13  prior  to  the  use  of  Pond  C.  The  WW13  base 
data  are  based  on  only  four  samples. 

Baseline  concentrations  exhibited  considerable  varia- 
tion from  sample  to  sample.  The  average  of  the  four  quality  tests  cannot  be 
considered  a  standard  for  comparison  of  variation  that  may  or  may  not  be  due  to 
Tract  activities.  The  range  of  variation  within  the  undisturbed  system  was  not 
established,  however,  these  four  tests  dire   the  best  data  currently  available. 
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TABLE   5.3.5--! 
Water  Quality  Data   for  Seepage  ^'onitorin^  Well   WW12 


Indicator 
Variable 

10/79 

11/79 

12/79 

1/80 

2/80 

3/80 

4/80 

3/80 

6/80 

7/80 

8/80 

9/80 

Average 

AT 

0.1 

O.I 

0.1 

- 

O.I 

0.1 

0.2 

0.1 

0.1 

0.1 

0.1 

NH3 
As 

0.2 

11.0 

5.1 

14.0 

13.0 

13.0 

13.0 

9.4 

3.9 

9.5 

9.8 

0.02 

0.02 

0.02 

- 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

Ba 

0.5 

0.5 

0.5 

- 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

B 

0.1 

0.1 

0.1 

- 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.1 

Ca 

* 

14 

15 

- 

29 

13 

15 

16 

12 

14 

Cr 

0.02 

0.02 

0.01 

- 

0.02 

3.02 

0.02 

0.02 

0.02 

0.02 

0.19 

Cu 

0.02 

0.02 

0.02 

- 

0.02 

3.02 

0.04 

o.op 

0.02 

0.02 

0.02 

Fe 

* 

0.02 

0.02 

- 

0.02 

3.02 

0.02 

0.02 

0.02 

0.02 

0.02 

Pb 

0.04 

0.02 

0.02 

' 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

Li 

0.10 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Mg 

* 

13 

14 

- 

21 

13 

11 

14    ; 

14 

14 

13 

Mn 

0.10 

0.02 

0.01 

- 

0.02 

0.02 

0.02 

0.02 

0.03 

0.02 

0.029 

Mo 

0.02 

0.02 

0.02 

- 

0.01 

0.02 

0.01 

0.01 

0.01 

0.01 

0.014 

Ni 

0.02 

0.02 

0.07 

- 

0.02 

0.02 

0.02 

0.0 : 

0.02 

0.02 

0.025 

K 

6.4 

2.3 

3.5 

- 

4.2 

1.4 

6.8 

2.8 

3.6 

4.9 

4.3 

Ag 

0.02 

0.01 

0.01 

- 

- 

- 

- 

- 

- 

- 

0.013 

Na 

170 

120 

120 

- 

130 

120 

130 

120    , 

120 

130 

128.9 

Sr 

* 

1.6 

1.0 

- 

1.1 

3.6 

0.8 

1.4 

1.9 

1.8 

1.3 

In 

0.5 

0.02 

0.01 

- 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.07 

Co 

- 

0.02 

0.02 

- 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.02 

Se 

- 

0.02 

- 

- 

- 

- 

- 

- 

- 

- 

0.002 

Hg 

0.0002 

0.00' 

- 

- 

- 

- 

- 

- 

- 

- 

0 .0006 

BOD 

30 

1 

2 

17 

18 

25 

24 

21    : 

15 

39 

19.2 

COO 

20 

31 

33 

19 

39 

32 

40 

40     ' 

32 

35 

32.1 

Hardness 

* 

88 

95 

- 

160 

86 

83 

75 

88 

93 

96 

Oil   &  Grease 

4 

12 

1 

5 

11 

16 

4 

5 

6 

9 

7.3 

Phenol 

0.002 

0.016 

0.009 

0.001 

0.120 

0.015 

0.020 

0.020 

0.020 

0.010 

0.02 

T.  Alk. 

* 

90 

90 

90 

110 

98 

100 

110 

110 

no 

100.9 

TDS 

* 

500 

520 

530 

550 

520 

560 

530 

490 

530 

526 

Kj-N 

- 

12 

14 

14 

16 

15 

14 

12 

13 

12 

14 

DOC 

- 

HCO3 

* 

58 

1 

1 

18 

1 

1 

1 

96 

1 

21 

CO3 

* 

22 

60 

70 

92 

54 

60 

98 

16 

100 

67 

Br 

0.1 

0.1 

0.4 

0.1 

- 

0.1 

0.1 

0.1 

0.1 

0.1 

0.13 

CI 

1000 

22 

24 

52 

56 

60 

16 

14 

13 

15 

30 

NO3 

7.2 

50 

27 

0.1 

0.1 

0.1 

0.5 

0.5 

0.5 

0.5 

8.65 

SO4 

* 

320 

380 

290 

280 

270 

270 

200 

270 

210 

277 

pH 

- 

- 

- 

9.2 

9.1 

- 

9.3 

9.0 

9.1 

8.9 

9.1 

DO 

- 

- 

- 

8 

4.03 

- 

4.90 

6.20 

9.50 

6.10 

6.45 

Cond 

- 

- 

- 

940 

700 

- 

760 

760 

760 

870 

798 

Temp 

- 

- 

- 

10 

13.5 

- 

21.5 

19 

17 

15 

15 

Depth  (ft) 

185.10 

153.00 

155.07 

157.48 

161.42 

155.28 

165.31 

155.77 

164.52 

163.49 

162.83 

163.09 

151.33 

T.   Alpha 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

T.   Beta 

- 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

F 

3.0 

0.9 

1.0 

n.3 

0.7 

0.6 

1.3 

0.4 

1.3 

1.1 

1.11 

I'+b 


TABLE  5.3.6-4 
Water  Quality  Data  for  Seepage  Monitoring  Well  WW! 3 


Indicator 
Variable 

10/79 

11/79 

12/79 

1/80 

2/80 

3/80 

4/80 

5/80 

6/80 

7/80 

8/80 

9/80 

Average 

Al 

. 

0.1 

0.1 

0.1 

- 

0.1 

0.1 

0.1 

0.1 

- 

0.1 

As 

- 

0.04 

0.20 

0.3 

2.10 

0.50 

0.3 

0.20 

0.30 

0.03 

0.06 

0.56 

- 

0.03 

0.02 

0.02 

- 

0.02 

0.02 

0.02 

0.02 

- 

- 

0.021 

Ba 

- 

0.5 

0.5 

0.5 

- 

0.5 

0.02 

0.5 

0.5 

- 

- 

0.5 

8 

- 

0.1 

0.2 

0.1 

- 

0.1 

0.5 

0.1 

0.1 

- 

- 

0.11 

Ca 

- 

55 

48 

60 

62 

85 

59 

5.7 

67 

65 

75 

58.52 

Cr 

- 

0.02 

0.02 

0.02 

- 

0.02 

0.02 

0.02 

0.02 

- 

- 

0.02 

Cu 

- 

0.02 

0.02 

0.01 

- 

0.02 

0.02 

0.02 

0.02 

- 

- 

0.19 

Fe 

- 

0.02 

0.02 

0.06 

- 

0.02 

0.02 

0.08 

0.02 

- 

- 

0.03 

Pb 

- 

0.05 

0.02 

0.02 

- 

0.02 

0.02 

0.02 

0.02 

- 

- 

0.02 

Li 

- 

0.05 

0.05 

0.05 

- 

0.05 

0.05 

0.05 

0.05 

- 

- 

0.05 

Mg 

- 

64 

66 

67 

72 

72 

70 

64 

69 

70 

67 

68.4 

Mn 

- 

0.04 

0.04 

0.07 

- 

0.10 

0.08 

0.06 

0.10 

- 

- 

0.07 

Moly 

- 

0.10 

0.07 

0.06 

0.05 

0.03 

0.04 

0.04 

0.03 

0.04 

0.06 

0.05 

Ni 

- 

0.02 

0.02 

0.08 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

K 

- 

1.9 

2.1 

3.2 

2.2 

3.2 

3.6 

4.2 

1.7 

2.2 

3.9 

2.75 

Ag 

0.01 

0.02 

0.01 

0.01 

- 

- 

- 

- 

- 

- 

- 

0.03 

Na 

- 

170 

180 

180 

130 

190 

180 

180 

180 

180 

190 

181 

Sr 

- 

6.4 

6.6 

3.8 

- 

4.9 

2.3 

3.9 
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In  WW12,  parameters  which  had  significantly  higher 
concentrations  than  1979  WW13  baseline  averages  were  ammonia  (38  times  higher), 
carbonate  (6.4  times  higher),  and  fluoride  (17  times  higher).  These  large  dif- 
ferences may  be  due  to  local  background  conditions.  Compared  to  the  1979  WW12 
figures,  ammonia  was  2.2  times  higher  and  carbonate  was  1.4  times  higher  in 
1980.  Fluoride  was  lower,  1.1  mg/1  in  1980  vs.  1.4  in  1979.  Average  concentra- 
tions of  all  the  selected  parameters  except  ammonia,  carbonate,  and  fluroide  in 
WW12  were  less  than  in  the  WW13  baseline.  Several  of  the  parameters,  especially 
bicarbonate,  were  considerably  less.  Average  concentration  of  all  the  selected 
parameters  except  ammonia  and  carbonate  decreased  in  WW12  from  the  previous 
year.  In  WW12,  decreasing  linear  trends  occurred  for  Total  Dissolved  Solids, 
sodium,  sulfate,  total  alkalinity,  and  bicarbonate.  No  positive  linear  trends 
occurred  despite  the  average  increases  from  the  previous  year  in  ammonia  and 
carbonate.  In  WW13,  parameters  which  significantly  increased  in  concentration 
from  baseline  were  conductivity,  total  alkalinity,  ammonia,  carbonate,  and  bi- 
carbonate. Of  these,  ammonia  doubled  concentration  from  0.25  mg/1  to  0.5  mg/1, 
the  others  increased  less  than  14  percent.  Average  concentrations  of  all  the 
other  selected  parameters  decreased  or  remained  at  the  same  levels  as  the  pre- 
vious year.  Linear  regression  analysis  revealed  increasing  linear  trends  for 
fluoride,  calcium,  and  the  ratio  of  total  dissolved  solids  to  specific  conduc- 
tance despite  little  change  in  the  average  concentration  from  the  previous  year. 
No  decreasing  linear  trends  were  noted.  Decreased  average  values  of  many  para- 
meters and  decreasing  linear  trends  in  WW12  indicate  that  some  changes  in  water 
quality  may  be  resulting  from  pond  seepage. 

5.3.7  Shaft  and  Mine  Water 

5.3.7.1  Scope 

Sampling  and  analysis  of  the  quality  of  water  from  the 
shafts  were  done  throughout  shaft  development.  The  analysis  provides  background 
information  should  further  analysis  or  investigation  be  necessary  or  if  high 
readings  occur  in  the  discharges.  Analysis  may  help  in  forecasting  water  qual- 
ity in  the  level  development  mining  and  provide  guidance  for  water  management 
planning.  Parameters  measured  in  the  V/E  Shaft  are  shown  in  Table  5.3.7-1. 

5.3.7.2  Objectives 

The  objectives  in  shaft  sampling  are  to  obtain  infor- 
mation on  the  changes  in  water  quality  as  the  shafts  are  sunk  in  order  to 
increase  knowledge  and  understanding  of  the  subsurface  hydrology. 

5.3.7.3  Experimental  Design 

Samples  are  obtained  from  the  probe  holes  prior  to  any 
grouting  activity.  Weekly  sump  samples  are  obtained  to  analyze  mine  water 
before  commingling.  Monthly  reports  of  shaft  water  quality  are  sent  to  the  Oil 
Shale  Office. 
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TABLE  5.3.7-1 
Water  Quality  Parameters  Analyzed  in  V/E  Shaft  Probe  Holes 
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5.3.7.4  Method  of  Analysis 

Water  quality  parameters  shown  in  Table  5.3.7-1  were 
plotted  with  respect  to  depth  for  qualitative  analysis.  In  addition,  units  of 
some  variables  were  converted  from  milligrams  per  liter  to  mil liequi valents  per 
liter  and  plotted  on  a  Stiff  diagram  for  qualitative  analysis. 

5.3.7.5  Discussion  and  Results 

The  plots  of  water  quality  parameters  with  respect  to 
elevation  in  the  V/E  Shaft  are  shown  in  Figures  5.3.7-1  through  5.3.7-9.  The 
units  of  variables  shown  on  Table  5.3.7-2  were  converted  from  milligrams  per 
liter  to  mi  1 1 iequivalents  per  liter  and  plotted  in  the  form  of  the  Stiff  diagram 
shown  as  Figure  5.3.7-10. 

5.3.8  Process  Water 

No  retort  process  waters  exist  since  no  retorting  has  com- 
menced. 

5.3.9  Mined  Rock  Dumps  and  Stockpiles 

5.3.9.1  Scope 

During  the  development  phase,  several  dumps  and  stock- 
piles will  be  created  on  the  Tract.  Major  stockpile  areas  are  shown  in  Figure 
6.1  of  Volume  1.  Pollution  of  surface  water  resources  can  be  caused  by  storm 
runoff  from  these  piles.  Storm  runoff  may  not  only  dissolve  salts  encrusted  on 
the  surface  of  these  piles,  but  may  also  carry  particles  to  the  stream  sediment. 
The  particles  may  carry  associated  pollutants. 

5.3.9.2  Objectives 

The  analysis  of  samples  of  water  and  sediment  collect- 
ed over  time  will  provide  data  needed  to  determine  the  pollution  potential  of 
runoff  from  the  dumps  and  stockpiles. 

5.3.9.3  Experimental  Design 

Sediments  in  the  water  courses  were  sampled  and  ana- 
lyzed by  the  EPA  during  baseline  at  USGS  gauging  stations  along  Piceance  Creek, 
and  in  shallow  wells  in  the  immediate  Tract  vicinity.  A  leaching  study  was  done 
for  new  oil  shale  rock  in  the  region.  A  site-specific  study  at  C-b  has  just 
been  inititated  and  is  discussed  in  Section  8.11.2.1. 

5.3.9.4  Method  of  Analysis 

Data  of  the  1979  study  were  analyzed  subjectively  by 
comparison  with  leaching  characteristics  of  other  shales  in  the  region.  Those 
for  the  new  study  are  not  yet  available. 
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5.3.9.5  Discussion  and  Results 

Table  5.3.9-1  is  a  summary  of  the  1979  results  of  EPA 
Grant  No.  R806278-01-1  Leaching  Characteristics  of  Raw  Surface  Stored  Oil  Shale. 
In  that  study,  the  leaching  characteristics  of  stored  oil  shale  from  C-b  were 
compared  with  those  characteristics  of  oil  shales  from  other  areas. 

Constituents  in  the  shale  with  high  fractions  included 
calcium,  potassium,  and  sodium.  Leaching  characteristics  also  showed  no  frac- 
tion of  chloride,  carbonate,  fluoride,  iron,  bicarbonate,  lithium,  nitrate,  tin, 
sulfate,  or  zinc  from  C-a  composite  or  C-a  R-5  and  Mahogany  shales. 

The  hazardous  waste  regulations  promulgated  under  the 
Resource  Conservation  and  Recovery  Act  (RCRA)  require  persons  generating  solid 
wastes  to  assesy  the  hazardousness  of  those  wastes  and  to  notify  EPA  of  any 
activities  involving  the  wastes.  Also,  persons  who  treat,  store  or  dispose  of 
hazardous  wastes  must  obtain  EPA  approval  for  those  activities. 

In  compliance  with  these  requirements.  Cathedral 
Bluffs  notified  EPA  on  August  15,  1980  of  their  status  as  a  generator  of  a 
hazardous  waste,  specifically  waste  oil.  Because  the  hazardous  waste  activity 
at  the  site  is  limited  to  generation,  no  EPA  approval  is  required.  Also, 
because  the  waste  oil  is  recycled,  it  is  substantially  exempt  from  regulation, 
such  as  limitations  on  on-site  storage  prior  to  recycling. 

The  Toxic  Substances  Control  Act  (TSCA)  regulates  all 
aspects  of  manufacturing  and  use  of  chemical  substances.  Implementation  of  TSCA 
began  with  development  of  an  inventory  of  all  chemical  substances  produced  in 
commerce.  Occidental,  on  April  26,  1978,  registered  shale  oil  on  the  TSCA 
inventory.  Although  the  registration  was  based  on  shale  oil  produced  at 
Occidental's  Logan  Wash  facility,  because  shale  oil  is  on  the  inventory,  any 
person  may  produce  shale  oil  from  any  facility  without  EPA  approval.  Therefore, 
Cathedral  Bluffs  has  no  TSCA-related  restrictions  on  production  of  shale  oil. 

5.3.10  Sediment  Characterization 

5.3.10.1  Scope 

Samples  of  streambed  sediments  in  all  the  major 
drainages  on  and  around  C-b  Tract  and  along  Piceance  Creek  were  collected  and 
analyzed  for  major  chemical  constituents  during  baseline. 

Under  a  provision  of  the  Environmental  Lease 
Stipulations,  as  modified  by  conditions  of  approval,  a  sample  of  streambed 
sediment  was  taken  near  Station  09306042  (WU42)  prior  to  initiation  of  discharge 
into  Piceance  Creek. 

5.3.10.2  Objectives 

The  objectives  of  the  sediment  characterization  pro- 
gram are  to  determine  through  chemical  analysis  the  baseline  composition  of 
streambed  sediment,  and  to  determine  the  sorptive  which  might  be  present  in 
water  discharged  into  a  particular  stream. 
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5.3.10.3  Experimental  Design 

One  composite  sample  for  particle  size,  chemical  com- 
position, and  mineral  analysis  was  taken  prior  to  initiation  of  discharge  opera- 
tions from  Station  WU42.  No  subsequent  samples  have  been  taken.  Discharges  are 
rigorously  monitored  under  conditions  of  the  NPDES  permit. 

5.3.10.4  Method  of  Analysis 

Particle  size  distribution  and  mineral  composition 
data  were  tabulated  for  subjective  analysis. 

5.3.10.5  Discussion  and  Results 

Table  5.3.10-1  shows  the  results  of  the  sediment  char- 
acterization analysis.  As  shown  in  the  table,  high  percentages  exist  for  sili- 
con and  aluminum.  Lesser  fractions  are  shown  for  organic  material,  iron  oxide, 
calcium,  sodium,  potassium,  and  iron.  Small  fractions  of  magnesium  and  titanium 
are  also  shown. 

Analysis  of  trace  elements  showed  manganese  and 
phosphorus  to  have  the  highest  concentrations;  both  were  less  than  1000  ppm. 
Fluoride  concentration  was  330  ppm  and  barium  was  240  ppm.  The  remaining  trace 
element  concentrations  were  less  than  100  ppm. 
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TABLE  5.3.10-1 


Sediment  Characterization  Analysis 


Particle  Size  Analysis 


Percent  Passing  (mm  sieve  and  hydrometer) 

1  mm 

100 

0.5 

88 

0.25 

78 

0.1 

39 

0.05 

18 

0.002 

2 

Percent 

Organic  Materials 

2.8 

Fe203 

1.5 

Silicon 

32.4 

Aluminum 

9.8 

Calcium 

2.7 

Magnesium 

0.86 

Sodium 

3.9 

Potassium 

1.7 

Iron 

3.7 

Titanium 

0.31 

Parts  per  Million 

Arsenic 

Barium 

Boron 

Cadmium 

Chloride 

Chromium 

Cobalt 

Copper 

Fluoride 

Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Phosphorus 

Selenium 

Sulfur 

Vanadium 


6.3 

240 

22 

0.1 

45 

1.9 

6 

9 

330 

34 

960 

<0.1 

0.9 

22 

930 

<0.1 

73 

14 
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6.0  AIR  QUALITY  AND  METEOROLOGY 

6.1  Introduction  and  Scope 

The  monitoring  program  for  air  quality  and  meteorology  was  carried  out 
in  accordance  with  the  provisions  of  the  Development  Monitoring  Plan,  as  modi- 
fied by  conditions  of  approval  issued  by  the  Oil  Shale  Supervisor.  During  1980, 
two  ambient  air  stations  monitored  gaseous  constituents,  particulates,  and  vari- 
ous meteorological  variables.  A  60-meter  meteorological  tower  is  located  at  Air 
Quality  Station  023.  The  tower  has  wind  speed  and  direction  instruments  at 
three  levels,  and  also  has  instruments  for  temperature  and  delta  temperature. 
Meteorological  data  were  also  gathered  at  two  mechanical  weather  stations.  All 
the  above  systems  are  operated  on  a  continuous  basis.  Visual  range  measurements 
were  made  using  a  method  combining  photography  and  microdensitometry.  Measure- 
ments were  made  on  a  six-day  interval  from  late  April  to  early  June  and  during 
October  and  November.  Section  6.2  discusses  the  results  from  the  air  quality 
monitoring  program  and  Section  6.3  discusses  the  supporting  meteorological 
measurements. 

6.2  Ambient  Air  Quality 

6.2.1  Gaseous  Constituents 

6.2.1.1  Scope 

Continuous  monitoring  of  gaseous  constituents  in  the 
ambient  air  on  and  near  the  C-b  Tract  included: 

Sulfur  Dioxide  (SOp) 
Hydrogen  Sulfide  (H2S) 
Ozone  (O3) 

Carbon  Monoxide  (CO) 
Oxides  of  Nitrogen  (NOx) 
Nitrogen  Dioxide  (NO2) 
Nitric  Oxide  (NO) 

Monitoring  of  these  constituents  is  required  under  the  Lease  stipulations.  Data 
collected  during  1980  have  been  reduced  and  analyzed  to  determine  trends  in  or 
relationships  among  any  of  the  variables. 

6.2.1.2  Objectives 

The  objectives  of  the  analyses  reported  here  are:  to 
demonstrate  compliance  with  applicable  ambient  air  quality  standards,  to  detect 
any  long-term  or  seasonal  trends  in  monitored  variables,  and  to  attempt  to  iden- 
tify sources  of  pollutants  if  levels  of  those  pollutants  are  significantly  above 
baseline  levels. 

6.2.1.3  Experimental  Design 

The  air  quality  development  monitoring  network  is 
shown  in  Figure  6.2.1-1;  systems-dependent  stations  are  currently  inactive. 
Station  AB23  is  equipped  to  monitor  the  constituents  listed  in  Section  6.2.1.1, 
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AMBIENT     AIR     QUALITY     DEVELOPMENT     MONITORING     NETWORK 

Note:     (    )=  Systems     Dependent 

FIGURE      6.2.1-1 
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and  has  provided  a  continuous  air  quality  record  since  the  beginning  of  the 
baseline  monitoring  period.  Station  AB20  was  equipped  during  1979  to  measure 
all  constituents  except  the  sulfur  gases  (SO4  and  H2S).  The  monitoring  at 
both  sites  is  accomplished  with  continuous  analyzers.  The  constituents  moni- 
tored at  each  site,  the  frequency  of  data  collection,  and  the  start-up  dates  are 
shown  in  Tables  6.2.1-1  and  6.2.1-2. 

The  analyzers  in  both  stations  are,  where  applicable, 
the  E.P.A.  reference  or  equivalent  methods  for  their  respective  constituents. 
Quality  assurance  procedures  have  been  provided  in  the  Development  Monitoring 
Data  Reports.  Specifications  for  all  instruments  are  listed  in  Table  A6.2.1-1. 
Positive  data  values  below  the  instrument  detection  limit  were  not  entered  as 
zeroes  into  the  data  base;  the  actual  values  were  entered.  Negative  values 
appearing  on  magnetic  tape  were  entered  as  zeroes. 

6.2.1.4  Methods  of  Analysis 

The  methods  used  in  the  analysis  of  air  quality  data 


are  as  follows: 


6.2.1.4.1  Concentrations  as  Time  Histories 


Concentration  time  histories  are  analyzed 
to  detect  variation  in  the  data  over  time.  Such  patterns  may  be  composed  of 
three  or  more  components.  Almost  all  environmental  variables  will  have  a  dis- 
tinct random  component  of  time-based  variation.  The  complex  interrelationships 
among  these  variables  will  assure  some  level  of  unpredictable  behavior.  A  sec- 
ond frequently-seen  component  is  periodic  variation,  such  as  a  seasonal  cycle. 
Gaseous  constituents  related  to  meteorological  variables  will  show  a  detectable 
periodic  component  synchronized  with  seasonal  variations  in  meteorology.  Super- 
imposed on  these  two  patterns  may  be  a  trend  component  indicating  an  increase  or 
decrease  with  time  in  the  level  of  an  air  contaminant.  Visual  representations 
of  the  monitored  data  for  the  gaseous  constituents  at  Stations  AB20  and  AB23  are 
presented  in  the  form  of  time-series  plots  in  Figures  A6.2.1-1  through  A6.2.1-6. 
Each  figure  also  indicates  the  lower  detection  limit  for  the  instrument.  As 
stated  previously,  positive  data  values  below  the  instrument  detection  limit 
were  not  entered  into  the  data  base  as  zeroes;  the  actual  values  were  used. 
Negative  values  appearing  on  magnetic  tape  were  entered  as  zeroes. 

A  linear  regression  model  was  applied  to 
air  quality  data  with  respect  to  time  to  provide  initial  screening  for  linear 
trends.  Results  of  this  analysis  are  discussed  in  6.2.1.5.1. 

6.2.1.4.2  Comparison  with  Standards 

Maximum  concentrations  from  air  quality 
monitoring  were  compared  with  ambient  air  quality  standards. 

6.2.1.4.3  Correlation  with  Wind  Speed  and  Direction 

Correlation  of  wind  speed  and  direction 
with  measured  concentrations  of  gaseous  constituents  may  tend  to  show  patterns 
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TABLE  5.2.1-2 

Ambient  Air  Quality  and  Meteorology  Sampling  and  Reporting 

Frequencies 

Symbols  appear  on  Table  6.2.1-1 


Minimum 

Minimum 

Average 

Report 

Symbol 

Sampling  Frequency 

Time 

Frequency 

Description 

X 

10-seconds 

5-minutes 

1-hour 

AQ  &  Low  Alt.   Meteorology 

Y 

5-minutes 

5-minutes 

1-hour 

AQ  &  Low  Alt.   Meteorology 

Z 

Continuous 

1-hour 

1-hour 

Precipitation 

0 

Every  3rd  day 

24-hours 

24-hours 
every  3rd  day 

Particulates 

2 

20-seconds 

5-minutes 

1-hour 

Temp,  difference  from  10-meter 
to  60-meter  on  Met.   Tower 

U 

14-seconds 

1-hour 

Inversion  Height/Mixing  Layer 
from  Acoustic  Radar 

V 

7  times   per  day 

Hourly 

Daily  (with 

Joint  Visibility  study  with 

ewery  6th  day  for 

hourly 

C-a   from  Hunter  Creek  Site 

10  days   in  Spring 

max/mi n) 

and  10  days  in  Fall 

S 

Weekly  during 
growing  season 

Weekly 

Weekly 

Evaporation 

17i 


leading  to  identification  of  contributing  sources.  Regional  air  contaminant 
levels  generally  will  not  display  consistent  variation  with  wind  direction.  The 
influence  of  a  major  air  contaminant  source  will  be  most  pronounced  within  a 
given  sector  of  wind  direction,  the  sector  being  smaller  for  sources  closer  to 
the  monitoring  site  due  to  dispersion  effects  which  accompany  transport  of  air 
contaminants.  The  effect  of  wind  speed  is  less  direct.  One  way  in  which  wind 
speed  relates  to  measured  concentrations  is  through  influence  on  atmospheric 
stability  and  therefore  on  contaminant  dispersion.  This  relationship  can  be 
difficult  to  predict.  High  winds  may  aid  in  dispersion  and  thereby  reduce 
concentrations,  but  they  may  also  transport  polluted  air  parcels. 

The  gases  monitored  at  the  C-b  Tract  are 
not  the  products  of  nearby  sources,  but  rather  are  the  result  of  dispersion  of 
many  sources  over  a  wide  region  with  concentrations  near  instrument  lower  detec- 
tion limits.  For  this  reason,  wind  correlations  are  not  presented  for  sulfur 
gases,  nitrogen  oxides,  and  carbon  monoxide. 

6.2.1.4.4  Comparison  of  Maximum  and  Mean  Concentra- 
tions 

A  comparison  of  maximum  and  mean  concentra- 
tions of  air  contaminants  may  provide  some  insight  into  the  causal  factors  con- 
tributing to  observed  levels  of  those  contaminants.  There  are  three  cases  to 
consider:  (1)  the  ratio  of  maximum  to  mean  is  close  to  one,  and  both  maximum 
and  mean  values  are  low  compared  to  ambient  standards;  (2)  the  ratio  is  close  to 
one,  but  both  maximum  and  mean  are  significant,  compared  to  ambient  standards; 
and  (3)  the  ratio  is  high,  and  the  mean  is  low  compared  to  ambient  standards. 

In  the  first  case,  the  closeness  of  maximum 
to  mean  indicates  that  the  factors  contributing  to  ambient  concentrations  are 
relatively  consistent.  Low  levels  observed  indicate  the  absence  of  substantial 
contaminant  sources  near  the  monitoring  site.  Often,  this  situation  is  indica- 
tive of  regional  air  contaminant  levels  in  clean-air  areas.  Relatively  minor 
local  influences  combined  with  highly  dispersed  contributions  from  distant 
sources  result  in  stable,  low  levels  of  air  contaminants. 

The  second  case  will  most  often  occur  where 
there  is  a  geographical  concentration  of  major  sources  of  air  contaminants, 
particularly  where  there  is  little  variation  in  meteorology.  This  situation 
will  frequently  correlate  with  a  high  degree  of  urbanization  or  industrial 
development  in  the  immediate  vicinity  of  a  monitoring  site  or  in  an  area 
consistently  upwind  of  the  site.  The  case  not  mentioned,  i.e.,  the  ratio, 
maximum  and  mean  all  high,  would  fit  the  same  pattern  of  analysis,  except  for  a 
higher  degree  of  meteorological  influence  or  more  variable  contributions. 

The  third  case,  a  low  mean  value  coupled 
with  a  high  ratio  indicates  the  absence  of  nearby  major  stationary  sources  of 
air  contaminants.  Unlike  the  first  case,  however,  the  high  ratio  of  maximum  to 
mean  is  indicative  of  some  major  influence  which  is  subject  to  time  variation. 
One  example  would  be  the  short-term  effects  of  a  portable  source.  Relatively 
infrequent  natural  phenomena  such  as  carbon  monoxide  and  particulates  from 
forest  fires,  or  downward  entrainment  of  stratospheric  ozone  are  other  examples. 
The  consistent  feature  is  the  absence  of  effects  of  nearby  urbanization. 


172 


6.2.1.5  Discussion  and  Results  - 

6.2.1.5.1  Results  of  Analysis  of  Concentrations  as 
Time  Histories 

For  the  sulfur  gases,  hydrogen  sulfide  and 
sulfur  dioxide,  excursions  above  the  detection  limit  are  infrequent  and  of  short 
duration.  This  is  consistent  with  past  results  in  sulfur  gas  monitoring. 

The  oxides  of  nitrogen  more  frequently 
reach  measurable  levels  but  daily  mean  values  are  usually  below  the  detection 
limit.  The  background  concentration  of  ozone  (discussed  below)  is  sufficient  to 
cause  generally  measurable  nitrogen  oxides,  particularly  nitrogen  dioxide. 

Carbon  monoxide  is  probably  the  only  gas- 
eous constituent  directly  emitted  into  the  atmosphere  from  Tract  operations  in 
sufficient  quantity  to  be  routinely  measurable.  Even  so,  daily  means  are  often 
at  or  below  the  detection  limit.  There  does  not  appear  to  be  any  pattern  in  the 
occurrence  of  peak  levels. 

Ozone  is  the  only  gas  monitored  consistent- 
ly having  a  measurable  mean  concentration.  Also,  it  has  closely  approached  the 
ambient  air  standard.  This  behavior  is  of  interest  because  there  are  no 
development-related  emissions  of  the  type  and  magnitude  to  cause  elevated  ozone 
levels.  The  possible  causes  of  ozone  excursions  are  discussed  in  a  later 
section. 

Since  ozone  is  the  product  of  atmospheric 
reactions  and  also  present  in  the  stratosphere,  rather  than  an  emitted  sub- 
stance, its  concentration  is  subject  to  variation  due  to  stratospheric  down- 
mixing  or  to  changes  in  the  intensity  of  insolation,  providing  the  driving  force 
for  ozone-producing  reactions.  This  results  in  a  seasonal  pattern  in  the  ozone 
plots,  with  the  highest  mean  concentrations  in  summer,  and  lowest  in  winter. 
Over  the  history  of  ozone  monitoring  on-Tract,  this  seasonal  pattern  coupled 
with  the  large  random  component  has  been  consistently  present. 

In  a  format  suggested  by  EPA's  SAROAD  data 
base,  statistical  distributions  of  ozone  along  with  the  annual  arithmetic  mean 
and  five  highest  hourly  averages,  ozone  values  are  presented  for  calendar  year 
1975  through  1978  on  Table  6.2.1-3. 

Table  6.2.1-4  shows  the  results  of  the 
application  of  the  linear  model  to  air  quality  data  with  respect  to  time.  The 
four  values  are  defined  in  the  figure  legend.  In  those  cases  where  the  linear 
model  did  not  fit  the  data,  items  four  and  five  are  left  blank. 

Short-term  linear  trends  are  apparent  at 
both  020  and  023  only  for  carbon  monoxide.  A  slightly  negative  short-term  trend 
in  SO2  concentration  was  shown  at  023,  with  no  apparent  trend  at  020.  Oxides 
of  nitrogen  showed  slightly  positive  trends  at  020,  but  no  apparent  trends  were 
exhibited  at  023.  No  linear  trends  were  shown  in  data  for  either  ozone  or 
hydrogen  sulfide. 
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TABLE  6.2.1-4 

Summary  of  Air  Quality  Trend  Analysis  (ug/m  ) 
Trailer  020  and  023 


Indicator 
Variable 

Short 

Term 

Long 

Term 

020 

023 

020 

023 

SO2 

1. 
2. 
3. 
4. 

0.2944/12 
0.6108 

0.4300/12 
0.0349 
-0,0027 
0.3730 

0.2650/39 
0.4229 

0.3083/70 
0.5884 

NO^ 

1. 
2. 
3. 
4. 

0.5369/12 
0.0006 
0.0039 
0.7043 

0.6726/12 
0.8292 

4.1871/52 
0.0045 
-0.0042 

0.1506 

1.1733/69 
0.0033 
-0.0011 
0.1220 

NO 

1. 
2. 
3. 
4. 

0.1342/12 

0.0037 

0.0012 

0.5371 

0.3026/12 
0.3539 

2.7330/52 
0.0241 
-0.0028 
0.0976 

0.7499/70 
0.0052 
-0.0008 
0.1092 

NO2 

1. 
2. 
3. 
4. 

0.4069/12 
0.0016 
0.0027 
0.6478 

0.4877/12 
0.1856 

1.4530/52 
0.0002 
-0.0014 
0.2433 

0.6601/69 
0.5584 

O3 

1. 
2. 
3. 
4. 

25.5337/12 
0.2845 

38.5128/12 
0.2919 

27.8179/52 

0.0052 
-0.0045 

0.1462 

37.2919/71 
0.0174 
0.0037 
0.0793 

CO 

1. 
2. 

3. 

4. 

65.5982/12 

0.0086 
-0.4304 

0.5150 

88.0740/12 

0.0012 
-0.7572 

0.6690 

405.4950/45 
0.0001 
-0.4471 
0.5457 

454.5643/64 
0.0001 
-0.4852 
0.4179 

H2S 

1. 
2. 
3. 
4. 

0.4476/12 
0.1773 

0.0613/23 
0.7670 

0.4836/69 
0.0005 
-0.0005 
0.1654 

TSP. 

1. 
2. 
3. 

4. 

10.15/12 
0.1044 

10.82/12 
0.2457 

12.01/52 
0.3894 

12.11/75 
0.2595 

NOTE:  Entries  in  the  table  mean  the  following: 


1. 
2. 
3. 
4. 


Mean/Number  of  paired  observations 
a  -  to  be  compared  with  selected  a. 
Slope  -  slope  is  units  per  month 


'2  value 
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(  a=  0.05) 


Long-term  linear  trends  in  sulfur  dioxide 
were  not  apparent  in  the  data.  Trends  in  oxides  of  nitrogen  were  all  slightly 
negative.  Long-term  trends  in  ozone  data  were  slightly  negative  at  020  and 
slightly  positive  at  023.  Carbon  monoxide  exhibited  negative  long-term  trends 
at  both  stations.  Long-term  trends  in  hydrogen  sulfide  data  at  023  were  very 
slightly  negative,  and  no  trend  was  apparent  at  020. 

In  summary,  monitoring  of  ambient  gases 
during  the  period  of  this  report  produced  little  new  information.  Sulfur  gases, 
nitrogen  oxides  and  carbon  monoxide  continue  to  be  present  at  low  levels. 

Carbon  monoxide  displayed  significant  nega- 
tive long-  and  short-term  trends.  The  linear  trends  that  were  shown  in  other 
air  pollutant  concentrations  were  very  slightly  positive  or  negative.  Most 
linear  trends  are  negligible.  Ozone,  while  measured  at  significant  levels,  may 
be  characterized  as  having  a  seasonal,  background  type  of  pattern,  with  large 
random  variations  compared  to  seasonal  mean  levels. 

6.2.1.5.2  Results  of  Comparison  of  Maximum  Concentra- 

tions with  Ambient  Standards 

Table  5.2.1-5  lists  the  maximum  measured 
concentrations  of  gaseous  constituents  for  averaging  times  corresponding  to 
standards.  For  all  but  one  of  the  gaseous  criteria  pollutants  the  maximum  con- 
centrations are  well  below  the  standards;  the  one  exception  is  ozone.  This 
pattern  has  existed  since  the  beginning  of  ambient  monitoring  at  the  C-b  Tract 
in  the  fall  of  1974.  This  is  consistent  with  the  overall  character  of  the 
region  with  yery   low  population  density  and  most  development  activities  subject 
to  stringent  regulation  of  potential  air  quality  impacts. 

In  the  case  of  ozone,  a  combination  of 
elevated  background  levels  and  observed  excursions  exists  indicating  downmixing 
from  the  stratosphere. 

During  the  period  of  this  report,  one  new 
high  value  was  established.  On  January  20,  1979  a  one-hour  average  ozone  con- 
centration of  246  ug/m3  was  recorded  at  Station  AB23.  Although  this  ozone 
value  is  in  excess  of  the  ambient  air  standard  of  240  ug/m3,  it  does  not  in 
itself  constitute  a  violation  of  that  standard,  which  defines  a  violation  as 
more  than  one  expected  exceedance  per  year,  based  on  three  years  of  monitoring. 
Other  than  the  246  ug/m3  value,  no  other  one-hour  average  has  reached  the 
level  of  the  standard.  Causes  for  high  ozone  concentrations  were  discussed  in 
Volume  III  of  the  Final  Baseline  Report. 

In  summary,  the  results  of  monitoring  the 
gaseous  constituents  through  October,  demonstrate  continued  compliance  with 
ambient  air  standards  at  the  C-b  Tract. 

6.2.1.5.3  Results  of  Correlation  of  Air  Quality  Data 

with  Wind  Speed  and  Direction 

Figure  6.2.1-2  depicts  the  wind  dependence 
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of  ozone  at  Station  AB23  by  means  of  three  dimensional  plots  for  quarterly  per- 
iods. Each  of  the  plots  takes  the  form  of  a  plateau,  indicating  the  lack  of 
wind  direction  dependence  that  would  otherwise  result  if  specific  sources  were 
present.  Concentrations  of  ozone  with  respect  to  wind  direction  are  provided  as 
concentration  roses  in  Appendix  Figures  A6.2.1-7  and  A6.2.1-8. 

6.2.1.5.4  Results  of  Comparison  of  Maximum  and  Mean 
Concentrations 

Table  6.2.1-6  lists  the  maximum  and  mean 
values  and  the  ratio  of  maximum  to  mean  for  each  gaseous  constituent.  Both 
maxima  and  means  for  nitrogen  dioxide,  sulfur  dioxide,  hydrogen  sulfiae,  and 
carbon  monoxide  are  small  compared  to  their  respective  standards.  For  these 
constituents,  the  low  values  dre   more  significant  than  the  ratios  in  indicating 
the  overall  absence  of  significant  sources  of  these  air  contaminants.  However, 
in  all  four  cases  the  maximum-to-mean  ratio  is  considerably  larger  than  it  is 
for  ozone.  This  shows  that  only  in  the  case  of  ozone  is  the  background  concen- 
tration within  an  order  of  magnitude  of  the  maximum  value,  indicating  a  greater 
consistency  of  monitored  values. 

6.2.1.6  Conclusions 

(1)  Compliance  with  State  and  Federal  ambient  air 
standards  continues  at  the  C-b  site.  Adoption  of  the  240  ug/m^  standard  for 
ozone  provided  additional  increment  above  background  levels  which  accommodated 
most  excursions,  excluding  the  single  exceedance  noted  earlier. 

All  other  parameters  continue  to  be  monitored  at 
levels  far  below  appropriate  standards. 

(2)  Negative  linear  trends  were  shown  for  carbon 
monoxide  for  both  long-term  and  short-term  data.  The  linear  correlations  shown 
for  other  gaseous  constituents  were  accompanied  by  slopes  of  near  zero  for  the 
regression  data. 

(3)  Sources  of  air  contaminants  on  and  near  the  C-b 
site  include  many  small  sources  of  combustion  product  gases  and  fugitive  dust. 
No  single  source  is  of  sufficient  size  to  be  detected  on  the  basis  of  wind  vs. 
concentration  correlations. 

6.2.2  Particulates 

6.2.2.1  Scope 

Monitoring  of  ambient  particulates  is  required  by  the 
Oil  Shale  Lease  Stipulations  and  by  Federal  and  State  Air  Ouality  Regulations. 
Measurements  were  made  at  Stations  AB20,  AB23,  and  AD56.  During  visibility 
measurement  days,  size-distributed  samples  were  taken  at  Station  AB23. 

6.2.2.2  Objectives 

The  objectives  of  the  monitoring  of  ambient  particu- 
lates are:  (1)  to  demonstrate  compliance  with  applicable  regulations;  (2)  to 
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TABLE  6.2.1-6 

Maximum,  Mean*  and  Max/Mean  Ratio** 
for  Air  Quality  Constituents  (yg/m-^) 


Constituent 

Symbol 

Station 

AB20 

Station 

AB23 

Max 

Mean 

Max/Mean 

Max 

Mean 

Max/Mean 

Nitrogen  Dioxide 

NO2 

26 

0.7 

27 

41 

0.8 

51 

Sulfur  Dioxide 

SO2 

21 

2.0 

11 

21 

1.1 

19 

Hydrogen  Sulfide 

H2S 

- 

- 

- 

111 

1.0 

111 

Carbon  Monoxide 

CO 

1700 

77.8 

22 

3800 

91.7 

41 

Ozone 

O3 

122 

50.1 

2 

154 

75.4 

2 

Total  Suspended 
Particulates 

TSP 

49 

8.4 

6 

41 

9.1 

4 

*  Arithmetic  Means 
**  Based  on  1-Hour  Averages 
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determine  whether  long-term  trends  exist;  and  (3)  to  attempt  to  identify  partic- 
ulate sources. 

6.2.2.3  Experimental  Design 

The  EPA  reference  method  for  particulate  monitoring, 
the  high  volume  sampler,  is  employed  at  all  stations  to  measure  particulates. 
The  samples  are  located  such  that  the  air  intakes  are  approximately  4.6  meters 
above  ground  level.  An  Anderson  particle  sizing  head  is  used  in  place  of  the 
standard  filter  assembly  when  taking  size-distributed  samples.  As  yet,  there  is 
no  EPA  reference  method  for  particle-size  sampling. 

6.2.2.4  Method  of  Analysis 

Methods  used  in  analyzing  particulate  data  were  multi- 
ple regression  analyses  using  a  set  of  meteorological  parameters  and  qualitative 
examination  of  time  series  plots. 

6.2.2.5  Discussion  and  Results 

The  time-series  plot  of  particulate  concentrations 
for  Station  AB23  (Figure  6.2.2-1)  is  used  for  this  discussion.  One  dominant 
feature  of  the  plot  is  the  seasonal  variability.  Maximum  concentration  levels 
typically  occur  in  the  late  spring  with  minimum  levels  in  the  winter.  Concen- 
trations during  the  late  summer  months  are  variable,  but  are  generally  lower 
than  the  spring  peaks. 

Histograms  depicting  the  frequency  distributions  of 
particulate  concentrations  (Figures  6.2-2-2  and  6.2.2-3)  show  the  predominance 
of  concentrations  less  than  20  to  25  ug/m3.  The  composite  histogram  also  dis- 
plays a  skewed  log-normal  distribution,  typical  of  particulate  concentrations 
that  are  influenced  by  random  variation  in  meteorological  parameters. 

Table  6.2.1-4,  shown  previously,  lists  the  maximum 
annual  and  24-hour  particulate  concentrations. 

The  Federal  Primary  Standards  have  not  been  exceeded 
at  any  time.  On  a  24-hour  basis,  the  maximum  value  remains  178  ug/m3  compared 
to  the  standard  of  260.  A  wider  margin  exists  on  an  annual  basis.  The  Federal 
Secondary  Annual  Standard  of  60  ug/m^  is  not  approached. 

Plots  of  particulate  concentrations  vs.  wind  speed 
and  direction  for  Station  AB23  are  presented  in  Figure  6.2.2-4.  In  general, 
the  data  show  a  marked  dependency  on  wind  speed,  as  would  be  expected  in  a  situ- 
ation where  particulate  concentrations  are  primarily  the  result  of  fugitive  dust 
sources.  This  factor  is  most  evident  during  the  spring  and  summer  quarters. 
During  the  rest  of  a  typical  year,  substantial  periods  of  snow  cover  reduce  the 
background  level  and  change  this  relationship  with  wind.  Particulates  generated 
then  on  or  near  the  Tract  will  show  a  much  smaller  dependence  on  wind  speed, 
sometimes  actually  resulting  in  higher  concentrations  at  lower  wind  speed. 
These  source  specific  contributions  become  less  significant  compared  to  back- 
ground levels  during  the  spring  and  summer  period. 
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There  is  no  definite  wind  direction  dependence  indica- 
ted as  shown  by  particulate  concentration  roses  (Appendix  Figure  A6.2.2-1).  The 
virtual  absence  of  particulate  measurements  in  the  wind  sector  centered  around 
the  north-northeast  direction  is  indicative  of  the  low  incidence  of  winds  from 
that  direction.  Wind  direction  values  correspond  to  24-hour  average  values. 

The  relationships  between  particulate  loading  and  pre- 
cipitation, average  wind  speed,  and  maximum  wind  speed  were  tested.  Table 
6.2.2-1  shows  the  results  of  the  analysis.  Particulates  are  negatively  but 
weakly  correlated  with  precipitation;  strong  correlation  is  prevented  due  to  the 
infrequent  nature  of  precipitation  events.  Correlations  with  average  and  maxi- 
mum wind  speeds  were  significantly  better  with  maximum  wind  speed  only  slightly 
better  when  correlated  with  24-hour  average  particulate  concentrations. 

Size  distributions  of  particulate  concentrations 
obtained  during  the  visibility  monitoring  program  are  shown  in  Figures  5.2.2-5 
and  6.2.2-6. 

In  summary,  particulates  in  the  C-b  vicinity  are  pri- 
marily fugitive  dust  with  rural  origin,  particularly  those  responsible  for  maxi- 
mum concentrations.  Seasonal  trends  in  particulate  concentrations  suggest  a 
general  dependence  on  meteorological  parameters.  No  long-term  trends  are  evi- 
dent in  particulate  data. 

6.2.3  Visibility 

6.2.3.1  Scope 

The  visibility  monitoring  program  has  been  cosponsored 
by  the  C.B.  and  Rio  Blanco  Shale  Oil  Projects.  Measurements  were  taken  every 
sixth  day  for  a  total  of  ten  days  in  the  Spring  quarter,  1980,  and  ten  days  in 
the  Fall.  There  are  no  State  or  Federal  requirements  for  visibility  monitoring; 
however,  the  program  is  required  under  the  Federal  Oil  Shale  Lease  Environmental 
Stipulations. 

6.2.3.2  Objectives 

The  objectives  in  taking  visibility  measurements  are 
to  establish  baseline  visibility  levels  for  the  Piceance  Basin,  to  identify  any 
trends  in  visibility,  and  to  attempt  to  establish  correlations  between  visibil- 
ity and  meteorological  or  air  quality  parameters. 

6.2.3.3  Experimental  Design 

Visibility  data  were  obtained  by  means  of  telephoto- 
graphy from  an  observation  site  approximately  eight  miles  southwest  of  Piceance 
Creek  on  a  ridge  between  Hunter  Creek  and  Dry  Gulch.  This  site  was  chosen  for 
its  proximity  to  the  C-a  and  C-b  Tracts,  as  well  as  for  its  accessibility  and 
range  of  views. 

Photographs  are  taken  at  hourly  intervals  throughout 
the  measurement  days  in  each  of  four  views  as  shown  on  Figure  6.2.3-1.  The  use 
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TABLE  6.2.2-1 

Correlation  of  Particulate  Data  With  Precipitation, 
Average  Wind  Speed,  and  Maximum  Wind  Speed 


Average 

Maximum 

Precipitation 

Wind  Speed 

Wind  Speed 

Correlation  Coefficient 

-0.162 

0.309 

0.313 

Significance 

NS^ 

0.0007 

0.0005 

No.   of  Observations 

114 

118 

119 

Not  significant 
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PARTICULATE  SIZE  DISTRIBUTION  SPRING   1980 
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PARTICULATE  SIZE  DISTRIBUTION  FOR  FALL  1980 
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of  at  least  two  objects  in  each  view  enabled  the  measurement  of  visual  range 
under  a  variety  of  visibility  conditions.  The  locations  of  the  observation  site 
and  objects  are  shown  on  the  Figure. 

Visual  range  information  is  extracted  from  the  photo- 
graphs by  means  of  optical  density  measurements  on  the  portions  of  the  photo- 
graph representing  a  given  object  and  the  horizon  sky  directly  above  it.  These 
densities,  together  with  the  actual  object-camera  distance  and  the  object  al- 
bedo, are  used  to  calculate  a  visual  range. 

6.2.3.4  Method  of  Analysis 

There  have  been  only  two  years  of  seasonal  visibility 
measurements  since  the  baseline  visibility  study  of  1975-76;  therefore  there  is 
no  basis  for  analysis  of  long-term  trends  in  visibility.  Visual  range  results 
have  been  compiled  and  averaged  for  each  view  and  on  a  composite  basis  over 
monthly,  seasonal,  and  annual  periods  to  facilitate  comparison  with  baseline 
data. 

Correlation  and  multiple  regression  analyses  using 
1980  visibility  data  were  used  to  evaluate  visual  range  relationships  with  a  set 
of  meteorological  parameters. 

6.2.3.5  Discussion  and  Results 

The  results  of  the  1980  visibility  monitoring  program 
are  summarized  in  the  histogram  of  Figure  6.2.3-2.  Visual  range  measurements, 
averaged  over  all  views  shown  in  Figure  6.2.3-1,  were  variable  in  May  1980  and 
somewhat  higher  in  June.  October  measurements  showed  wide  variation  from  90  km 
to  170  km.  November  measurements  were  generally  higher  than  those  of  October, 
and  were  less  variable.  Wide  ranges  in  visibility  during  May  and  October  were 
associated  with  synoptic  weather  patterns. 

Figures  6.2.3-3  and  6.2.3-4  show  the  variation  in 
visual  range  for  each  view.  The  inherent  radiance  of  each  target  within  the  four 
different  views  produce  variable  visual  range  values  on  any  single  measurement 
time.  The  effects  of  view  azimuth  and  solar  geometry  are  taken  into  account. 

The  comparisons  of  1980  visual  range  data  to  measure- 
ments of  previous  years  are  shown  in  Figure  6.2.3-5.  Measurements  taken  in  1980 
are  within  the  range  of  variation  shown  for  other  years. 

Table  6.2.3-1  is  a  summary  of  the  regression  analysis 
of  visual  range  with  respect  to  particulates,  relative  humidity,  and  wind  speed. 
Data  from  Spring  1980  show  negative  relationship  with  wind  speed  for  views  I, 
II,  and  III,  and  a  negative  correlation  with  relative  humidity  for  view  IV. 
Although  the  correlation  coefficients  are  not  large,  the  inverse  relationship  is 
expected  in  that  visual  range  should  be  reduced  as  higher  wind  speeds  entrain 
more  fugitive  particulates,  and  weather  events  are  often  associated  with  higher 
wind  speeds  and  reduced  visual  ranges.  The  inverse  relationship  with  relative 
humidity  may  also  be  explained  by  the  enhanced  moisture  and  reduced  visual  range 
associated  with  weather  conditions. 
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FIGURE  6.2.3-2 
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VARIATION  IN  DAILY  MEAN  VISUAL  RANGE  BY  VIEW 

SPRING    1980 
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VARIATION  IN  DAILY  MEAN  VISUAL  RANGE  BY  VIEW 
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Data  from  the  Fall  measurement  program  show  a  similar 
inverse  relationship  between  visual  range  and  relative  humidity  for  views  I,  II, 
III,  and  IV.  The  direct  relationship  between  particulates  and  visual  range  for 
view  II  cannot  be  physically  explained,  but  the  low  correlation  coefficient 
(0.08)  shows  that  the  correlation  is  negligible. 

Multiple  stepwise  regression  analysis  of  the  1980 
visual  range  data  showed  that  no  reliable  model  for  prediction  could  be  found. 

Average  visual  range  for  Spring  1980  was  78  miles. 
For  the  years  1976-1979,  average  Spring  visual  range  was  72  miles.  Visual  range 
during  Spring  of  1980  appeared  to  be  better  than  the  mean  for  previous  years. 
During  Fall  1980,  mean  visual  range  was  85  miles.  For  previous  years  1976-1979, 
the  mean  visual  range  for  Fall  measurements  was  82  miles,  showing  that  the  Fall 
visual  range  appeared  better  than  the  previous  years.  No  time  trends  in  visual 
range  are  apparent  based  on  presently  available  data. 

6.3  Meteorology 

6.3.1  Climatological  Records 

6.3.1.1  Scope 

The  climatological  parameters  include  temperature, 
solar  radiation,  precipitation,  evaporation,  relative  humidity,  and  barometric 
pressure.  These  records  primarily  serve  as  a  historical  data  base  to  assess 
climatological  effects  principally  on  the  biotic  portion  of  the  ecosystem  so 
they  may  subsequently  be  sorted  from  potential  man-induced  effects. 

6.3.1.2  Objectives 

Objectives  are  to  establish  this  historical  data  base 
to  determine  any  cyclical  or  long-term  trends  that  might  exist  as  well  as  aver- 
ages and  extremes,   as  appropriate. 

6.3.1.3  Experimental  Design 

The  climatological  network  is  shown  on  Figures 
6.3.1-la  and  6.3.1-lb.  Parameters  measured,  instrumentation  used,  sampling  sta- 
tions and  minimum  reporting  frequency  are  presented  in  Table  6.3.1-1. 

6.3.1.4  Method  of  Analysis 

Table  6.3.1-2  presents  a  summary  of  data  formats  and 
analysis  along  with  station  identification.  Data  presentation  and  analysis 
techniques  include  histograms,  plots,  and  tables  for  all  variables.  Time-series 
plots  for  all  Class  I  indicator  variables  are  in  the  time-series  Supplements  to 
the  Development  Monitoring  (data)  Reports  and  also  in  Figures  A6.3.1-1  through 
A6.3.1-3  for  November  1979  through  October  1980. 
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TABLE  6.3.1-2 
CLIMATOLOGICAL  DATA  SUMMARY 


Variable 

Item 

Station 

Type  Presentation/Analysis 

Figure  - 
Table  Numhpr 

Air 
Temperature 

Daily  Mean,  Minimum, 
Maximum 

AB20,  23 
AD42.  56 

Time  Series  Plots 

♦Section  4.2.3 
♦Section  4.2.3 

Monthly  Values  of 
Hourly  Maximum,  Mean, 
Minimum 

AB20,  23 

Tabular 

Table  A6.3.1.2 

Growing  Season 

AB23 

Plot 

Table  -  Start,  End.  Lenqth 

Figure  6.3.1-3 
Table  A6.3.1-3 

Degree  Days 

AB23 

Tabular 

Table  A6.3.1-3 

Direct  Solar 
Radiation 

Daily  Total 

AB23 

Time  Series  Plot 

♦Section  4.2.3 

Daily  Mean,  Maximum 
and  Minimum  for  Month 

AB23 

Tabular  -  Values  Corrected  for 
missing  data 

Table  A6.3.1-4 

Relative 

Humidity 

Daily  Mean,  Minimum, 
Maximum 

AB23 

Time  Series  Plot 

♦Section  4.2.3 

Monthly  Values  of 
Hourly  Maximum,  Mean 
and  Minimum 

AB23 

Tabular 

Table  A6.3.1-5 

""recipitation 

Daily  Total 

AB20,  23 

Time  Series  Plot 

♦Section  4.2.3 

Monthly  Total 

AB20,  23 

WU15,  22 

WU50,  58 

WU70 

BCOl-09. 

BC13 

WROl-07 

Table  A6.3.1-5a 
thru  6e 

Monthly  Total 

AB23 

Histogram  (with  Growinq  Season) 

Fiqure  6.3.1-3 

Annual  Total 
3  Month 
Runnino  Total 

AB20,  23 

WU70 

BC02-05 

Tabular 

Table  6.3.1-3 

Between  Station 
Comparison 

AB20.  23 

Histoaram 

Fioure  6.3.1-4 

AB20,  23 
WU70WR01 
BC02-05 
BC07-09 

Regression  Analysis 

Table  6.3.1-4 

Regional 

National 
Weather 

Isohyets 

Figure  6.3.1-5 

evaporation 

Daily  Mean 

AB23 

Time  Series  Plot  (Pan) 

♦Section  4.2.3 

Daily  Mean 

AB23 

Tabular  -  Pan  and  Lake 

Table  A6.3.1-7 

Barometric 
Pressure 

Daily  Mean, 
Minimum.  Maximum 

AB23 

Time  Series  Plot 

♦Section  4.2.3 

Monthly  Values 
of  Hourly  Maximum, 
Mean  &  Minimum 

AB23 

Tabular 

Table  A6.3.1-8 

♦Supplements  to  the  Development  Monitoring  (data)  Reports 
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6.3.1.5  Discussion  and  Results 

6.3.1.5.1.  Temperature 

Annual  mean  temperatures  at  the  Tract 
(Station  AB23)  have  averaged  between  6  and  9''C  over  the  past  five  years. 

Between-station  comparisons  (Stations  AB20 
vs.  AB23)  indicate  minimum  temperatures  12°C  cooler  in  Piceance  Valley  than  on 
Tract  due  principally  to  cold  air  drainage  associated  with  katabatic  winds,  with 
valley  temperatures  reaching  extremes  of  -43°C  since  baseline.  Minimum,  average 
and  maximum  temperatures  for  periods  1975  through  1980  are  shown  in  Table 
A6.3.1-2. 

Growing  season  length  and  degree-day  data 
are  presented  on  Table  A6.3.1-3.  Growing  seasons  over  the  past  five  years  have 
varied  from  96  days  in  1976  to  151  days  in  1980,  and  the  degree-days  referenced 
to  IS'C  (Munn  1970)  were  highest  in  1977  (193  degree-days)  corresponding  to  a 
growing  season  of  96  days. 

6.3.1.5.2   Solar  Radiation 

Direct  solar  raaiation,  as  measured  by  a 
pyranometer,  varied  from  a  monthly  average  of  658  langleys  per  day  in  June  near 
summer  solstice  to  approximately  117  langleys  in  December  near  winter  solstice; 
the  1980  data  were  similar  to  those  of  previous  years.  This  variation  approxi- 
mates the  yearly  cycle  in  the  daily  peaks  in  the  cosine  of  the  sun's  zenith 
angle.  Values  presented  in  Table  A6.3.1-4  have  been  corrected  for  missing  data 
by  applying  a  correction  factor.  This  correction  factor  is  the  ratio  of  average 
daylight  hours  per  month  to  pyranometer  channel  "uptime"  hours  per  month  for 
cases  wnere  uptime  exceeds  50%  of  the  daylight  hours  per  month.  Values  obtained 
for  the  Tract  in  June  have  been  compared  with  values  obtained  for  40°N  latitude 
(approximate  Tract  latitude)  from  Sellers,  Physical  Climatology  as  follows: 

Tract    Sellers 

Clear  Day  Peak      725       700  ly/day 
Monthly  Average     658       592 

Sellers  "Average"  terms  included: 

Q,  direct  beam  solar  radiation  incident  on  earth  surface 

+q,  diffuse  solar  radiation  incident  on  earth  surface  389  ly/day 

Ca,  backscattering  by  clouds  164 

A3,  backscattering  by  air  molecules,  dust,  water  vapor        39 

TOTAL.... 592  ly/day 

Additional  terms  in  Sellers  peak  (cloudless,  dry  day) 

C3,  (no)  absorption  by  clouds  25 

Aa,  (no)  absorption  by  air  molecules,  dust,  water  vapor       83 

TOTAL    700  ly/day 
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6.3.1.5.3  Relative  Humidity 

Annual  means  of  relative  humidty  at  the 
Tract,  (Station  AB23)  have  averaged  between  54  percent  and  56  percent  over  the 
past  five  years,  with  winter  hourly  minimums  of  ten  percent  and  summer  minimums 
of  nine  percent  (Table  A6.3.1-5). 

6.3.1.5.4  Precipitation 

Precipitation  data,  as  indicated  on  Figures 
6.3.1-la  and  -lb  and  Table  6.3.1-1  include  measurements  near  two  air  quality 
stations,  four  U.S.G.S.  stream  gauging  stations,  one  U.S.G.S.  station  on  the 
Roan  Plateau,  ten  microclimate  stations,  and  seven  additional  stations  as 
required  by  the  Water  Augmentation  Plan.  Monthly  totals  over  all  stations  are 
presented  in  Tables  A6.3.1-6a  through  -6e  for  1975  through  1979.  Monthly 
averages  at  the  U.S.G.S.  stations  are  approximate  only,  inasmuch  as  sampling  of 
these  stations  is  randomized.  Annual  total  and  3-month  running  totals  and 
the  1-hour  peaks  for  the  past  five  years  are  given  on  Table  6.3.1-3. 
Regression  analysis  was  performed  among  selected  precipitation  monitoring 
stations  in  order  to  determine  potential  correlations.  The  results  are 
summarized  on  Table  6.3.1-4.  The  most  significant  correlation  was  between 
Stations  AB20  and  AB23  (r  =  95%)  which  utilize  identical  sampling  techniques. 
Monthly  histographs  for  each  year  are  presented  on  Figure  6.3.1-3,  along  with 
growing  season  information.  The  wettest  of  the  five  years  was  1975,  9  cm  above 
its  nearest  competitor  (AB23).  Lightest  annual  precipitation  at  AB23  was  35.8 
cm  in  1976.  Peak  rainfall  for  a  1-hour  duration  reached  4.3  cm  on  September  3, 
1977.  Between-station  comparisons  for  AB20  and  AB23  are  portrayed  on  Figure 
6.3.1-4  as  histograms,  showing  the  local  nature  of  precipitation  between  Tract 
(AB23)  and  valley  (AB20).  Between-station  differences  in  monthly  totals  of  as 
much  as  5.4  cm  were  observed  in  September,  1977. 

The  regional  precipitation  patterns  are 
influenced  by  the  local  terrain  and  difference  in  elevation  between  plateau  and 
river  valley  with  the  elevated  areas  usually  receiving  more  precipitation  than 
the  valleys  as  reflected  in  the  isohyets  (Figure  6.3.1-5).  The  highest  yearly- 
average  total-precipitation  area  in  the  region  is  usually  located  near  the 
Marvine  Ranch  station  (elevation  7,800  feet)  which  receives  its  major 
precipitation  in  the  Winter  and  Spring  in  the  form  of  snow. 

6.3.1.5.5  Evaporation 

Evaporation  during  the  growing  season  has 
been  measured  by  an  evaporation  pan  at  Station  AB23  in  1978  and  1979.  Monthly 
totals  (Table  A6.3.1-7)  ranged  from  5.49  to  20.37  cm  as  "pan"  values  in  1979 
compared  to  11.24  to  25.08  cm  in  1978;  assuming  a  0.7  pan  coefficient,  lake 
values  respectively  range  from  4.54  to  14.26  cm  in  1979  compared  to  7.87  to 
17.56  cm  in  1978.  Monthly  comparisons  (May-September)  show  decreases  in  total 
evaporation  for  all  months  in  1979  from  1978. 

6.3.1.5.6  Barometric  Pressure 

Annual  mean  barometric  pressures  at  Tract 
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FIGURE      6.3.1-la 
CLIMATOLOGICAL      NETWORK 
NEAR   TRACT 


/WU70 

ON   SCANDARD 
GULCH     AT 
ROAN    PLATEAU 
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FIGURE      6.3.1-ib 
CLIMATOLOGICAL      NETWORK 
OFF -TRACT 
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TABLE  6.3.1-4 
MONTHLY  PRECIPITATION  REGRESSION 
y  =  a  +  bx 


Station  (y) 

Station  (x) 
AB20 

a 

b 
0.61 

r 
Coefficient 

of 
Correlation 

WU70 

1.17 

0.58 

WU70 

AB23 

1.43 

0.62 

0.57 

WU70 

WU15 

2.15 

0.50 

0.57 

AB23 

AB20 

-0.27 

0.99 

0.95 

WROl 

AB20 

0.80 

0.54 

0.71 

WROl 

AB23 

0.68 

0.67 

0.77 

BC02 

AB23 

0.11 

0.61 

0.76 

BC03 

AB23 

-0.24 

0.73 

0.81 

BC04 

AB23 

-0.05 

0.78 

0.42 

BC05 

AB23 

0.32 

0.18 

0.37 

BC07* 

AB23 

0.63 

0.47 

0.42 

BC08* 

AB20 

0.18 

0.79 

0.66 

BC09* 

AB20 

-0.22 

0.81 

0.69 

*In  an  attempt  to  show  the  degree  of  correlation  that  can  be 
expected  between  microclimate  spot-check  precipitation  data 
and  continuously  recorded  precipitation  data  collected  by 
weighing  rain  gage  at  stations  AB20  and  AB23,  linear  regressions 
were  performed  between  AB23  and  BC07  and  between  AB20  and  BC08 
and  BC09.  MC  station  BC07  is  located  approximately  1/4  mile 
East  of,  and  can  be  expected  to  show  a  "good"  correlation  to, 
air  quality  station  AB23;  this  degree  of  correlation  is  not 
evident.  The  January  and  February,  1978  precipitation  data 
for  MC  station  BC07  were  considered  suspect  because  of  their 
extremely  high  values.  When  these  two  values  were  eliminated 
from  the  regression,  AB23  vs  BC07  showed  a  coefficient  of 
correlation,  r,  of  0.70  with  a  =  0.15  and  b  =  0.55  -  values 
much  nearer  those  expected  in  the  regression.  Stations  BC08 
and  BC09  are  located  approximately  1  mile  downstream  and  up- 
stream, respectively,  of  air  quality  station  AB20  on  Piceance 
Creek.  They  show  better  correlations  than  did  AB23  and  BC07 
but  still  show  better  than  50%  correlation  with  AB20. 
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FIGURE   6.3.1-3 
MONTHLY      TOTAL      PRECIPITATION 
AND      TEMPERATURE     VARIATIONS 
STATION    A823 
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station  AB23  have  averaged  787  mb  over  the  past  five  years  with  daily  average 
minimums  as  low  as  725,  and  maximums  as  high  as  804  mb  (Table  A6.3.1-8). 

6.3.2  Wind  Fields 

6.3.2.1  Scope 

This  section  analyzes  the  wind  field  data  collected  at 
the  meteorological  tower,  and  Stations  AB20,  AB23,  AD42,  and  AD56.  Data  consist 
of  wind  speed,  wind  direction,  vertical  variations  in  horizontal  wind  speed  and 
wind  direction  and  stability  class.  Wind  flow  patterns  and  stability  class  pro- 
vide information  for  diffusion  modeling  and  pollutant  transport. 

6.3.2.2  Objectives 

The  objectives  of  this  program  are: 
to  refine  the  knowledge  of  the  wind  fields  in  the  vicinity  of  the  C-b  Tract; 
to  provide  supporting  information  for  air  quality  data  analysis;  and 
to  provide  inputs  for  air  diffusion  modeling. 

6.3.2.3  Experimental  Design 

Sampling  frequency  for  wind  data  is  identical  to  that 
of  the  air  quality  parameters.  Parameters  measured  at  the  various  stations  and 
instrumentation  used  are  shown  in  Table  6.3.2-1. 

Near-surface  wind  fields  are  determined  from  contin- 
uous monitoring  of  winds  at  the  10  meter  height.  Measurements  over  three  mete- 
orological-tower levels  along  with  acoustic  radar  provide  data  for  vertical  wind 
structure  and  stability  conditions. 

6.3.2.4  Method  of  Analysis 

Analysis  in  this  section  consists  of  comparisons  of 
wind  field  data  over  time  and  between  sites.  Temporal  comparisons  are  made  by 
comparing  wind  roses  over  several  years  at  the  given  site  and  elevation.  Sea- 
sonal differences  are  noted.  Time-series  plots  are  presented  for  winds  in  the 
Time-Series  Supplements  to  the  Development  Monitoring  (data)  Reports  and  in  Fig- 
ure A6.3.2-1  for  November  1979  through  October  1980.  Spatial  comparisons  con- 
sist of  comparisons  of  wind  roses  collected  at  different  sites. 

6.3.2.5  Discussion  and  Results 

The  Environmental   Baseline  Final  Report,  Volume  3, 
presents  some  detailed  analyses  of  wind  field  data.     Data  collected  since  that 
report  have  been   less  extensive.     Analyses  presented  here  are  in  the  form  of 
extensions  of  some  of  the  studies  previously  reported.     It  is  discussed  in  two 
parts:    (a)  near-surface  wind  fields,   and   (b)  upper-air  wind  structure. 

6.3.2.5.1     Near-Surface  Wind  Fields 

Determination  of  predominant  wind  speed  and 
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TABLE  6.3.2-1 
Wind  Field  Parameters  and  Stations 


Parameter 

Instrument 

Station 

10-m  horizontal  wind  speed 

Anemometer 

AB20,  AB23,  AD42,  AD56 

10-m  horizontal  wind  direction 

Vane 

AB20,  AB23,  AD42,  AD56 

30-m,  60-m  horizontal  wind  speed 

Anemometer 

Met  Tower  (AA23) 

30-m,  60-m  horizontal  wind  direction 

Vane 

Met  Tower  (AA23) 

10,  30,  60-m  horizontal  wind  direction 
standard  deviation* 

Vane 

Met  Tower  (AA23) 

ATemperature  (60m  to  10m) 

AT  Sensor 

Met  Tower  (AA23) 

Inversion  height 

Acoustic  radar 

AB20 

*  Computed  quantity 


^13 


wind  direction  can  be  made  by  examination  of  quarterly  wind  roses  over  the  sea- 
sons and  from  year  to  year.  Figures  A6.3.2-2  through  A6.3.2-12  present  the 
quarterly  wind  rose  plots  for  two  years  for  the  various  meteorological  stations. 
A  summary  of  predominant  wind  direction  and  speed  is  presented  in  Table 
6.3.2-2.  The  predominant  wind  direction  at  the  meteorological  tower  is  SSW  and 
there  is  virtually  no  change  from  year  to  year.  Fall  and  Winter  quarters  have 
lower  wind  speeds  than  Spring  and  Summer  at  the  10  meter  level.  However,  at  the 
30  meter  level  the  wind  speed  difference  between  seasonal  quarters  is  less.  As 
expected,  wind  speeds  at  30  meter  level  are  higher  than  at  the  10  meter  level. 

Stations  located  in  or  near  Piceance  Creek 
Valley  (AB20,  AD42,  AD56)  tend  to  show  downstream  (drainage)  flow  at  night 
(E-ESE)  and  upstream  flow  (W-WNW)  in  daytime  for  all  seasons  with  drainage  pre- 
dominant. 

6.3.2.5.2  Upper-Air  Wind  Structure 

Two  analyses  are   presented  in  this  section: 
(a)  acoustic  radar  inversion  and  mixing  data,  and  (b)  atmospheric  stability. 

(a)  Inversion  and  Mixing  Heights.  Tempera- 
ture inversion  heights  are  measure  by  means  of  an  AeroVironment  Model  300 
Acoustic  Radar.  The  instrument  was  reactivated  at  Piceance  Creek  Station  AB20 
in  November,  1977.  The  output  of  the  instrument  is  a  continuous  strip  chart 
record  of  reflected  sound  signals  associated  with  thermal  signatures;  such  sig- 
natures vary  in  character  depending  on  whether  the  atmosphere  is  stable  or  un- 
stable. The  chart  provides  a  means  for  determining  the  height  of  temperature 
inversions  and  mixing  layers  above  ground  level. 

Figure  A6.3.2-13  shows  average  monthly 
inversion  heights  for  months  of  September,  1978  through  August,  1979.  The 
months  are  grouped  by  quarters  to  show  seasonal  patterns.  Plots  have  been 
limited  to  hours  with  expectation  of  occurrence  greater  than  0.5.  Quarterly 
average  inversion  height,  onset  time,  breakup  time,  and  duration  are  shown  in 
Table  6.3.2-3. 

For  inversions  aloft,  the  air  layer  between 
the  mixing  height  and  the  top  of  the  inversion  is  stable  and  yery   little  diffu- 
sion of  stack  emissions  occurs  in  this  air  layer.  Any  stack  emissions  below  the 
mixing  height  are  constrained  by  the  inversion  when  thermal  buoyancy  of  the 
plume  is  not  great;  otherwise  this  layer  can  be  penetrated.  Stack  emissions 
above  the  inversion  height  will  not  penetrate  down  through  the  inversion. 

Afternoon  mixing  layer  height  (d^-j^) 
has  been  assessed  using  the  upper-air  study  of  both  1974-1975  (aircraft)  and 
1978  (pibal).  Table  6.3.2-4  summarizes  these  results  by  month  indicating  the 
number  of  number  of  sample  days,  those  samples  for  which  6^-^^^   was  below 
the  top  of  the  record  (normally  found  to  be  around  1800  meters  for  pibals),  and 
those  sample  days  for  which  d[j,-jx  was  not  obtained  (due  to  surface  inver- 
sions, neutral  layers  of  dfj,-jx  above  the  top  of  the  record).  The  monthly 
minimum  value  of  dmix*   ^^^   maximum  (recorded)  and  the  average  of  the 
recorded  values  are  shown.  Based  on  these  data.  Figure  6.3.2-2  shows  the 
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TABLE  6.3.2-3 
Inversion  Heights  and  Durations  (Quarterly  Averages) 


Month/Year 
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variations  in  the  dmix  with  time  of  year,  with  minima  shown  to  occur  in 
winter  and  maxima  in  summer.  A  winter  average  minimum  of  1500  meters  is  judged 
to  be  representative  for  this  time  of  year;  summer  averages  were  above  the  top 
of  the  record  near  1800  meters. 

(b)  Stability  Class  Study.  Monthly  average 
stability  classes  have  been  derived  from  hourly  stability  class  data.  The  hour- 
ly stability  classes  are  based  on  delta  temperature  measurements  from  the 
60-meter  to  the  10-meter  levels  on  the  meteorological  tower.  Pasquil 1-Gifford 
stability  classes  were  determined  from  the  slope  of  the  temperature-altitude 
curve  (dT/dz)  and  adjusted  for  wind  speed  by  the  method  described  in  the  Base- 
line Report,  Volume  3.  Monthly  averages  by  hour  from  the  period  from  November, 
1976  through  October,  1980  are  shown  in  Table  6.3.2-5  for  the  months  containing 
more  than  50  percent  of  the  data.  Unstable,  neutral,  and  stable  classes  are 
indicated  by  variable  shading.  Comparison  of  these  data  with  the  baseline  per- 
iod (November,  1974  through  October,  1976)  shows  similar  patterns  for  the  broad 
classifications  of  unstable,  neutral,  and  stable  classes.  The  period  for 
November,  1976  through  May,  1977  is  very  similar  to  the  same  months  in  the  base- 
line years.  However,  1978  to  1980  data  for  January-March  and  July-September 
tended  to  reflect  a  shift  in  stability  class  toward  the  stable  end  of  the  scale 
(toward  Class  F)  by  one  Pasquill-Gifford  stability  class  for  most  of  the  monthly 
averages  by  hour.  No  clear  explanation  can  be  identified  for  this. 

Table  6.3.2-6  presents  the  percentage  of 
hours  in  each  stability  class  for  each  month.  The  baseline  data  are  included 
for  comparison.  This  table  also  reflects  the  shift  to  the  more  stable  classes 
for  1978-1980. 

Typically  the  hours  between  0900  and  1900 
are  unstable.  Nighttime  and  early  mornings  are  typically  stable. 

Atmospheric  stability  as  discussed  above  is 
based  on  the  meteorological -tower  temperature  difference.  For  high  altitude 
pollutant  releases,  atmospheric  stability  should  be  assessed  at  the  effective 
stack  height  of  the  plume;  this  height  is  dependent  on  individual  stack  height 
and  plume  buoyancy.  A  height  of  1000  feet  has  been  selected  as  representative 
and  the  four  quarters  of  aircraft  flights  of  1974-1975  at  (normally)  15 
flight-days  per  quarter  and  four  flights  per  flight-day  have  been  reexamined  and 
summarized  on  Table  A6.3.2-1.  For  all  flights  the  only  Pasquill-Gifford  stabil- 
ity classes  existing  were  D's  and  E's  at  the  1000-foot  height  and  for  at  least 
another  1000  feet  above  this. 

6.3.2.6  Conclusions 

Conclusions  supported  by  the  analysis  of  wind-field 
data  are: 

1.  Predominant  wind  direction  at  the  meteorological  tower  site  on  Tract  is  SSW; 
this  has  not  changed  over  time. 

2.  Predominant  wind  direction  in  and  near  Piceance  Creek  is  downstream  (from 
east  and  southeast)  over  most  of  the  nighttime  and  early  morning.  Daytime 
direction  reverses  to  upstream  flow. 
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Table  6.3.2-5 


AVERAGE  HOURLY  STABILITY  CLASSES  (1978  -  1980; 


SOURCE:  Temperature  differences  between  60  meter  and  10  meter  on  the  Met  Tower 

(Adjusted  for  Wind  Soeed) 
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SOURCE:  Temperature  differences  between  60  meter  and  10  meter  on  the  Met  Tower 

(Adjusted  for  Wind  Speed) 
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Conclusions  supported  by  analyses  from  the  addition  of 
1980  data  to  previously  reported  data  are: 

1.  Monthly  mean  temperatures  and  variations  in  1980  are  consistent  with  the 
values  from  the  past  four  years  since  the  Baseline  Report. 

2.  The  maximum  growing  season  for  the  past  five  years  was  recorded  in  1980  (151 
days.  May  12  to  October  15). 

3.  Direct  solar  radiation  for  1980  was  within  the  range  of  previous  years  show- 
ing no  substantial  variations. 

4.  Annual  means  for  relative  humidity  have  been  consistent  throughout  the  six- 
year  study  period. 

5.  Precipitation  for  Station  AB23  has  a  six  year  (1975  -  1980)  annual  average 
of  37.90  cm  ranging  from  35.8  cm  in  1976  to  45.0  cm  in  1975.  Annual 
precipitation  for  1980  was  36.7  cm. 
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7.0  NOISE 

7 .1  Introduction  and  Scope 

The  environmental  noise  program  conductea  since  baseline  is  not 
required  under  the  Lease  but  was  requested  by  the  Oil  Shale  Supervisor.  General 
background  noise  levels  were  sought  on  the  Tract  and  surrounding  vicinity  prior 
to  Tract  development.  Monitoring  of  those  levels  was  reinitiated  in  February, 
1978  at  the  three  sites  shown  in  Figure  7.1.1-1  to  determine  the  effects  of 
Tract  development  on  noise  levels  and  has  continued  through  the  development 
period . 

7.2  Environmental  Noise 

Occupational   noise  exposure   is  treated   in  Section  7.8  of  Volume  1  of 
this  report.     Aspects  of  environmental   noise  treated  here  deal    with  traffic  and 
Tract-generated  noise   levels. 

7.2.1     Traffic  Noise 

7.2.1.1  Scope 

The  traffic  noise  study  was  originated  auring  base- 
line. Measurements  were  maae  one  working  day  per  month  for  approximately  one 
hour  at  each  of  14  locations  over  a  14-month  period  starting  in  September  1975. 
Measured  noise  levels  (A  weightings)  above  background  at  two  locations  along 
Piceance  Creek  Road  were  always  made  in  the  presence  of  passing  vehicles.  The 
noise  analysis  contained  in  the  Final  Baseline  Report  indicated  an  average  level 
at  a  station  on  Piceance  Creek  Road  near  Hunter  Creek  to  be  53  dbA  which  was 
exceeded  ten  percent  of  the  time. 

On  the  basis  of  low  noise  levels  existing  during  base- 
line as  indicated  in  the  Final  Baseline  Report,  it  was  felt  that  continued 
discrete  measurements  were  warranted  at  only  two  of  the  original  14  locations. 
Stations  NA02  and  NA09  are  located  to  indicate  traffic  noise  levels  associated 
with  development. 

7.2.1.2  Objective 

The  objective  of  noise  level  measurement  is  to  measure 
potential  increases  in  traffic  noise  levels  due  to  development. 

7.2.1.3  Experimental  Design 

Discrete  traffic  noise  measurements  are  made  one  per 
day  per  week  in  the  presence  of  passing  vehicles  at  Stations  NA02  and  NA09 
(Figure  7.1.1-1)  along  Piceance  Creek  Road  and  on  the  access  road  at  the  Tract 
boundary,  respectively.  The  General  Radio  1565  Sound  Level  Meter  is  used  to 
measure  peak  noise  levels  at  _A  weightings .  Background  levels  are  obtainea  the 
same  day  at  A,  B,  and  C  weightings. 
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FIGURE    71.1-1 


NOISE     ENVIRONMENTAL    MONITORING    NETWORK 
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7.2.1.4  Method  of  Analysis 

At  each  of  the  two  stations,  peak  noise  levels  are 
measured  weekly.  Four  weekly  composite  peak  measurernents  are  then  averaged. 

7.2.1.5  Discussion  and  Results 

Figure  7.2.1-1  shows  a  time  plot  of  peak  traffic  noise 
levels  and  background  levels  for  the  C-b  Tract.  The  highest  noise  level  of  91 
dbA  occurred  on  June  30,  1978  at  Station  NA02  from  a  passing  semi-trailer  truck; 
the  background  noise  level  at  that  time  was  44  dbA.  The  peak  noise  level  indi- 
cated in  the  Final  Baseline  Report  was  83  dbA  from  a  road  scraper  in  July  1976. 
The  percent  of  monthly  peaks  exceeding  this  level  was  15  percent  in  1978,  65 
percent  in  1979,  and  67  percent  in  1980.  On  the  average,  the  monthly  peaks  dur- 
ing the  development  period  remain  nine  dbA  higher  than  the  peaks  measured  during 
baseline.  The  increase  is  most  likely  due  to  development  activity. 

7.2.2  Tract  Noise 

7.2.2.1  Scope 

During  the  initial  phases  of  development  much  activity 
occurs  near  the  northern  boundary  of  the  Tract.  Thus  a  noise  monitoring  site  in 
the  vicinity  of  operations  is  most  appropriate  for  monitoring  noise  levels  on 
the  Tract  due  to  early  development. 

7.2.2.2  Objectives 

The  objectives  of  the  Tract  noise  study  are  to  evalu- 
ate increases  in  Tract  noise  due  to  Tract  development,  and  to  demonstrate  com- 
pliance with  State  noise  regulations. 

State  noise  standards  for  an  industrial  zone  are  as 
follows  in  terms  of  maximum  allowable  noise  levels: 

Steady:  80  db(A)  7am  to  next  7pm 

75  db(A)  7pm  to  next  7am 

15  min.  in  any  one  hour:     90  db(A)  7am  to  next  7pm 

Periodic,  impulsive,  shrill:  75  db(A)  7am  to  next  7pm 

70  db(A)  7pm  to  next  7am 

These  standards  apply  within  25  feet  of  the  property 
line.  The  Tract  has  not  been  classified  industrial  at  this  time. 

7.2.2.3  Experimental  Design 

Continuous  noise  tneasurements  are  made  at  Station  NB15 
(Figure  7.1.1-1)  on  the  northern  boundary  of  the  Tract  for  24  hours  every   sixth 
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day.  The  sensor  recording  system  consists  of  the  following  B  &  K  instruments: 
Model  2203  Precision  Sound  Level  meter  (SLH)  with  0.5" 

microphone 
Model  ^1230  Portable  Acoustic  Calibrator 

Model  UA  0393        Microphone  Rain  Cover 
Model  UA  0381       Wind  Screen  with  Spikes 
Model  UA  0308        0.5"  Dehumidifier 
Model  2306  Portable  Graphic  Level  Recorder 

In  this  model  the  sound  level  meter  is  coupled  to  the 
battery  operated  linear  recorder  for  24  hours  of  unattended  all-weather  opera- 
tions at  an  A-weighting. 

The  sound  level  meter  is  calibrated  before  each  day's 
use  with  its  portable  acoustic  calibrator  to  +0.25  db  accuracy  at  93.6  db,  1 
kHz.  The  linear  recorder  for  a  range  is  caliFrated  before  and  after  each  day's 
use.  Thus  any  drifts  are   readily  apparent.  Time  references  are  noted  before 
and  after  operation. 

7.2.2.4  Method  of  Analysis 

Twelve-hour   peaks   (7am  -  7pm  and   7pm  -   7am)    are 
reported   along  with   averages   and  background    levels   for  each  day  of  observations. 
Figure  7.2.2-1  presents   the  peak   12-hour  Tract  noise   levels. 

7.2.2.5  Discussion  and  Results 

The  peak  Tract  noise  level  reading  of  83  dbA  occurred 
on  the  first  day  of  monitoring  in  February  1978;  that  peak  did  not  exceed  90  dbA 
for  15  minutes  in  any  hour.  All  other  readings  through  December  1980  were  below 
80  dbA  from  0700  to  1900  and  below  75  dbA  from  1900  to  0700.  The  arithmetic 
average  decibel  level  during  the  development  period  for  both  12-hour  periods  was 
less  than  44  dbA. 

7.2.3  Conclusions 

Monthly  peak  noise  levels  and  background  levels  during  the 
development  period  exceed  those  of  the  baseline  period  by  an  average  of  nine 
dbA.  This  increase  is  most  likely  due  to  development  activity. 

Noise  levels  in  the  Tract  area  due  to  development  activities 
have,  for  the  most  part,  remained  low.  Average  levels  of  neither  12-hour  period 
appear  to  have  increased  significantly  over  the  development  period. 

Compliance  with  State  noise  standards  for  an  industrial  zone 
was  achieved;  the  Tract  is  not  classified  industrial  at  this  time. 
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8.0  BIOLOGY 

8 .1  Introduction  and  Scope 

The  goal  of  the  biological  monitoring  program  is  to  continue  evalua- 
tion of  biotic  conditions  and  identify  interactions  with  abiotic  conditions  in 
the  Tract  C-b  ecological  systems.  The  majority  of  monitoring  parameters  are 
those  that  provide  information  relative  to  early  warning  signals  of  change.  The 
use  of  control  and  development  sites  permits  the  monitoring  of  long-term  trends 
at  affected  and  unaffected  sites  and  the  analysis  of  any  corresponding  differ- 
ences developing  over  time  at  these  sites.  Monitoring  sites  are  shown  in 
Exhibit  C. 

8.2  Big  Game:  Mule  Deer 

Big  game  refers  primarily  to  mule  deer,  since  they  are   the  only  large 
mammals  common  to  the  C-b   area  apart  from  domestic  cattle.  Intensive  studies  of 
mule  deer  are  justified  since  deer  are  a  major  herbivore  of  ecological  impor- 
tance and  a  game  species  of  economic  importance.   In  addition,  they  are  vulner- 
able to  impact  from  development  activities,  road  kill,  and  increased  hunting 
pressure. 

Monitoring  of  mule  deer  attempts  to  show  the  significance  of  Tract  C-b 
to  their  survival.  This  is  accomplished  through  analysis  of  the  following 
variables:  1)  deer  pellet  group  densities,  2)   browse  production  and  utiliza- 
tion, 3)  migrational  patterns  and  phenology,  4)  road  kills,  5)  natural  mortali- 
ty, and  6)  age-class  composition.  Study  transect  locations  and  sarriple  sizes  are 
based  on  baseline  experience. 

8.2.1  Deer  Pellet  Group  Densities 

8.2.1.1  Scope 

Pellet  group  counts  were  conducted  along  27  permanent 
transects.  Twelve  transects  are  located  on  Tract;  nine  are  located  on  Big  Jimmy 
Riage,  approximately  one  and  one-half  miles  to  the  west;  and  six  are  located 
north  of  Piceance  Creek,  approximately  one  and  one-half  miles  to  the  north. 

8.2.1.2  Objectives 

The  objectives  of  pellet  group  studies  are  to  evaluate 

differences  on  a  site  specific  basis  and  over  time  in  order  to  make  inferences 

regarding  the  possibility  of  positive  or  negative  effects  on  deer  due  to  devel- 
opment activities. 

8.2.1.3  Experimental  Design 

Transects  were  located  using  a  stratified  random 
design,  except  at  certain  development  locations  where  the  placement  of  a  tran- 
sect was  predetermined.  Two  strata  (habitat  types)  were  sampled:  pinyon- 
juniper  woodland  and  chained  rangeland.  Fifteen  transects  were  located  in  the 
chained  rangeland  habitat  type  and  twelve  transects  were  located  in  the 
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"■'•'yon-juniper  woodland.  All  pellet  group  transects  have  a  SA  computer-code 
notation.  Their  exact  locations  are   shown  on  the  jacket  map.  Plots  were  raked 
in  the  fall  and  the  pellet  groups  were  counted  in  the  spring. 

8.2.1.4  Method  of  Analysis 

All    statistical    analyses   for  the  1979-80  period   are 
standard   parametric   procedures   including  the  analysis   of  variance,    t-test,    prod- 
uct-moment correlation   coefficient,    and  others.     Such   procedures   as   a  priori 
comparisons  and  one-tailed  tests  are  explained  where  appropriate. 

8.2.1.5  Discussion   and   Results 

Deer   pellet   count  data  for  the  1979-80  period    (Table 
8.2.1-1)   vyere  examined   for   indications   of   impacts  due   to  development.     Transects 
BA20  and  BA16   seemed   relatively  low   in  count   and,   therefore,   were   singled   out 
for  analysis.     Transect  BA20   is   located  east   of  Cottonwood  Gulch   in  the  area 
where  the   sprinkler  system  was    installed.     While   sprinkling  did   not   occur  until 
May  27,    1980  sprinkler   pipe  was  on   the  ground   throughout   the  1979-80  winter   per- 
iod when  deer  were  present    in   the  C-D   area.     Transect  BA16    is   located   next   to 
the  main   access  road    leading    into  Tract  C-b.     Because  of  potential   disturbances 
at  these  two  sites,    statistical    tests   were   perforrTied   to   test   the   hypothesis   that 
deer  pellet   group  densities   at   these  two  sites  dropped  below  values   which   are  to 
be  expected  given   the  natural    variation   within   the   ecosystem.     The  null   hypothe- 
sis tested  was  that  there   is  no  difference   in  mean   pellet  group  dens_i_ties_be-_       _ 
tween  1980  and  previous  years   at   the   two  development   locations  (H:    Xnn=  X-,-,,  X^q,  X^q 
at  both  BA20  and  BA16).  °        ^^      ^^      ^^      ^^ 

In   the  aesign   of   the   analysis    it  was   considered   neces- 
sary to  take   into  account   two   important   sources   of   variation:      1)   within- 
transect   variance,   and  2)   the  variation    in   deer  population    levels   from  year   to 
year .     To   accomplish  this,   a  one-way  ANOVA  (analysis   of  variance)  was   performed 
on  pellet  group  oata  obtained   since   the  winter  of   1976-77   (a  total   of  95  tran- 
sects  of  20  quadrats  each).     The  MSE   (mean   square  error)   was  extracted   from  the 
ANOVA  to  provide   an  estimate  of   the  overall   wi thin-transect  variance.     This 
4-year  data  set  was   then   adjusted   for  yearly  differences   in  deer  population   lev- 
els.     In  doing  this,   the   assumption   was  made  that  yearly  differences    in  herd 
size  dre  reflected   in  the  overall   yearly  mean   pellet  count,   and   that   adjusting 
overall   yearly  means  by  addition   or   subtraction,    setting   them  equal    to   a  refer- 
ence yedr   (1979-1980   in  this   case),   would   adjust   for  natural    fluctuations    in 
herd   size  without  obscuring  relative  difference    in    local    deer  distributions. 
This   procedure   is  outlined    in  Table  8.2.1-2,    along  with  details   of  subsequent 
statistical   tests.     To  evaluate  whether  mean   pellet   group  densities   at  develop- 
ment  locations  were  outside  an  expected  range  given  no   impact,    a  Scheffe's   test 
for  multiple  contrast   comparisons  was   used    (Zar  1974).     As  mentioned,   the  MSE 
was  obtained   from  the  ANOVA  performed  on   all    pellet  group  data  obtained   to  date. 
The  degrees  of  freedom  for   the  Scheffe's   test,   however,   were  based  on  only  the 
four  means  being  tested.     As   stated    in  Table  8.2.1-2,    impacts  could  not  be  de- 
tected  at  BA20  or  at   BA16 .     These  findings  can   be  further   elaborated   as   follows: 
the  mean   values   at   locations   BA20  and  BA16  during   1979-80  would  have  had   to  drop 
outside   the  ranges   6.35  +  2.13   (4.22   and  8.48)   and  3.36  +  2.13   (1.23   and  5.49) 
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Table  8.2.1-1  Deer  pellet  group  densities  1979-80. 


Mean  pellet  groups 
Transect  per  acre  ±  SE  (n)* 


Chained  pinyon-juniper: 

BA17  575  ±  96.2  (20) 

BA18  495  ±  80.0  (20) 

BA25  745  ±106.5  (20) 

BA20  470  ±  67.7  (20) 

BA21  750  ±110.9  (20) 

BA23  480  ±  94.5  (20) 

BAOl  415  ±  53.0  (20) 

BA02  480  ±  78.7  (20) 

BA03  310  ±  46.4  (20) 

BA04  535  ±83.1  (20) 

BA05  475  ±  58.0  (20) 

BA06  195  ±  33.6  (20) 

BA07  155  ±  26.6  (20) 

BA08  230  ±  37.8  (20) 

BA09  255  ±  39.4  (20) 


Pinyon-juniper  woodland: 

BA19  435  ±  77.9  (20) 

BA26  225  ±  36.9  (20) 

BA27  390  ±  67.2  (20) 

BA16  226  ±  58.7  (19) 

BA22  340  ±  57.3  (20) 

BA24  305  ±  50.0  (20) 

BAIO  355  ±  50.0  (20) 

BAll  320  ±  56.0  (20) 

BA12  380  ±  60.5  (20) 

BA13  435  ±  77.6  (20) 

BA14  790  ±  70.3  (20) 

BA15  885  ±135.4  (20) 


*  n  =  number  of  0.01  acre  plots  sampled 
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respectively  to  be  judged  outside  a  range  of  variation  that  can  be  attributed  to 
the  natural  variation  within  the  ecosystem. 

8.2.1.6  Conclusions 

Pellet   group  densities  v/ere  higher    in   the   79-80  period 
than  the  78-79  period.      Developmental    activities  on  Tract   C-b   have  not  signifi- 
cantly affected  deer  pellet  group  densities  within   the   study  area. 

8.2.2     Browse  Production   and  Utilization 

8.2.2.1  Scope 

Production  and  browse  utilization  (by  deer)  studies  of 
bitterbrush  and  mountain  mahogany  were  conducted  along  23  transects,  represent- 
ing a  total  of  249  shrubs  sampled.  Of  this  total,  219  of  the  shrubs  sampled 
were  bitterbrush  and  30  were  mountain  mahogany. 

8.2.2.2  Objectives 

The  main  objective  of  browse  production  and  utiliza- 
tion studies  is  to  quantify  natural  variation  in  range  condition  over  time  in 
order  to  pern.it  evaluation  of  site  specific  changes  which  might  be  due  to  im- 
pacts or  to  mitigation. 

8.2.2.3  Experimental  Design 

The  experimental   design  of  browse  production   and   util- 
ization studies   is    identical   to  that   of  pellet  group  density  studies   in   that   the 
same  transects   Are   used    in  each  case.     Production-utilization   studies,    however, 
make  use  of  fewer  of  the  BA-designated   transects,   and  generally  only  ten  sta- 
tions  along   a  transect   are   sampled.     Methods  consist  of  measuring   lengths   of 
current   annual   growth   in  the  Fall    (10  shoots   per  shrub),  marking  main  stems   for 
relocation,    and  measuring  what   remains   of  the  current    annual   growth    in  the 
Spring, 

8.2.2.4  Method  of  Analysis 

All  statistical  analyses  for  the  1979-80  period  are 
standard  parametric  procedures,  including  the  analysis  of  variance,  t-test, 
product-moment  correlation  coefficient,  and  the  Student-Newman-Keuls  (SNK) 
multiple-range  test  (Zar  1974). 

8.2.2.5  Discussion  and  Results 

Trends  in  production  and  utilization  of  bitterbrush 

over  the  past  four  years  are   shown  in  Figure  8.2.2-1.  Production  utilization 

estimates  for  1979-80  and  production  estimates  for  1980  are  shown  in  Tables 
8.2.2-1  and  8.2.2-2  respectively. 

An  analysis  was  performed  on  1980  browse  production 
(measured  during  August),  which  compared  shrubs  sprinkled  with  mine  water  ef- 
fluent, to  "control"  shrubs  located  nearby.  Transects  BA20  and  32  (watered) 
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Fig.  8.2.2-1.  Trends  in  production  and  utilization  of  bitterbrush.  Bars  repre- 
sent mean  current  shoot  growth.  Shaded  areas  represent  the  current  growth 
remaining  after  winter  browsing.  Numbers  inside  bars  represent  the  percent 
of  current  shoot  growth  consumed  by  deer.  Transect  numbers  are  below  bars. 
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Fig.  8.2.2-1  (Cont).  Trends  in  production  and  utilization  of  bitterbrush.  Bars 
represent  mean  current  shoot  growth.  Shaded  areas  represent  the  length 
of  current  shoot  growth  remaining  after  winter  browsing.  Numbers  inside 
the  bars  represent  the  percent  of  current  shoot  growth  consumed  by  deer. 
Transect  numbers  are  indicated  below  bars. 
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Table  8.2.2-1.   Browse  Production  and  Utilization,  1979-80, 


Transect 


PRODUCTION 
length  of  new 
shoots  in  fall  (mm) 
MeaniSE  (n)* 


B 

Lengths  of  shoots 

remaining  in 

spring  (mm) 

MeaniSE  (n)* 


UTILIZATION: 
in  percent 
A-B 


C  = 


X  100 


Bitterbrush,  chained  rangeland  habitat: 


Reference  Arei 

a: 

BA17 
BA18 
BA25 

162±16.7  (10) 
173±11.8  (10) 
150±19.5  (10) 

BAOl 
BA04 
BA09 

228±26.6  (10) 
249±25.8  (10) 
119±14.3  (10) 

Developmental 

Area: 

BA30 
BA31 
BA32 

189±16.1  (15) 
230±20.4  (15) 
202±20.0  (15) 

BA20 
BA21 
BA23 

242±23.1  (10) 
189±22.3  (10) 
166±12.9  (10) 

BA28 
BA33 

157±16.9  (10) 
154±11.4  (15) 

52±10.3  (10) 
51±  8.3  (10) 
58+11.5  (10) 

30±  3.1  (10) 
42±  7.7  (10) 
54±  7.1  (10) 


39±  8.7  (14) 
58±  8.7  (15) 
32±  6.4  (15) 

76±22.9  (10) 
87±22.0  (10) 
58±11.2  (10) 

60±12.3  (10) 
22±  4.1  (15) 


68 
71 
61 

87 
83 

55 
Combined  71 


79 
75 
84 

69 
54 
65 

62 

86 
Combined  72 


Bitterbrush,  pi nyon- juniper  habitat: 


Reference  Area: 

BA19            126±15.2 

(10) 

70±12.0  (10) 

44 

BA26            133+12.7 

(10) 

86±14.1  (10) 

35 

BA27            13U16.7 

(10) 

45±10.2  (10) 

66 

Combined  48 

Developmental  Area: 

BA16            145±10.2 

(10) 

43±11.5  (10) 

70 

BA22            170±22.2 

(10) 

96±19.1  (10) 

44 

BA24            107±12.2 

(10) 

59±11.9  (10) 

45 

)led 

Combined  53 

*  n  =  number  of  shrubs  samt 

d3b 


Table  8.2.2-1.   (Continued). 


A  B  C 

PRODUCTION  Lengths  of  shoots  UTILIZATION: 

length  of  new  remaining  in  in  percent 

Transect      '^°°?  in  fall  (mm)  spring  (mm)  c  =  ^  x  100 


Mean±SE  (n)*        Mean±SE  (n)*      ''  "  A 


Mt.  mahogany,  chained  rangeland  habitat: 

BA28  150±32.9  (10)        65±17.8  (10)  57 

BA17  93±  8.1  (10)        39±  8.7  (10)  58 

BA29  108±12.4  (10)        56±11.3  (10)  48 

Combined  54 


n  =  number  of  shrubs  sampled 
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Table  8.2.2-2.   Browse  production,  1980, 


Transect 


PRODUCTION: 
length  of  new 
shoots  in  fall  (mm) 
Mean  ±  SE  (n)* 


BITTERBRUSH,  CHAINED  RANGELAND  HABITAT; 

BA17 
BA18 
BA25 
BA21 

Watered  during  summer  1980: 

BA20 
BA32 


126  ±  8.8  (10) 

175  ±  17.8  (10) 

149  ±  22.6  (10) 

140  ±  16.6  (10) 


211  ±  24.0 
184  ±  13.7 


(10) 
(15) 


Not  watered;  control  transects: 

BA23 

BA30 

BA31 


148  ±  17.3  (10) 
146  ±  15.1  (15) 
203  ±  10.3  (15) 


On  Big  Jimmy  ridge: 

BAOl 

BA04 

BA06 

BA09 


137  ±  11.1  (10) 

161  ±  15.9  (10) 

121  ±  13.7  (10) 

88  ±  12.2  (10) 


BITTERBRUSH,  PINYON-JUNIPER  WOODLAND: 

BA19 
BA26 
BA27 
BA16 
BA22 
BA24 


119 
109 
107 
126 
137 
81 


10.1 
10.9 

7.0 
15.9 
15.5 

9.9 


(10) 
(10) 
(10) 
(10) 
(10) 
(10) 


*  n  =  number  of  shrubs  sampled 


2^0 


were  compared  with  transects  BA23,  30,  and  31  (control).  Among-transect  samples 
were  shown  to  be  from  the  same  population  by  analysis  of  variance;  among-control 
samples  were  similarly  analyzed.  A  nested  ANOVA  was  performed,  which  gave  sig- 
nificant F-tests  for  among-transect  and  among-shrub  levels  of  the  analysis. 
Among-transect  results  were:  F=3.55;  P<0.025;  F^  ^^,.  ^.   =  2.53. 
Among-shrub  results  were:  F=2.35;  P<0.001;  Fq  o5(60  585)   ^•^^-      ^" 
terms  of  variance  components,  4  percent  of  the  variance  occurred  among 
transects,  11  percent  among  shrubs,  and  85  percent  among  shoots.  A  Scheffe's 
test  was  used  to  compare  the  two  watered  transects  with  the  three  control 
transects.  The  watered  transects  had  significantly  more  shoot  growth;  mean 
differences  in  growth  between  watered  shrubs  and  control  shrubs  was  31.8mm. 

The  interrelationships  of  browse  production,  utiliza- 
tion, and  deer  pellet  group  counts  (Table  8.2.2-3)  were  analyzed  by   correlating 
pairs  of  browse  and  pellet  count  measurements  (data  pairs  being  obtained  from 
the  same  quadrat).  During  the  past  two  years  a  weak  but  significant  correlation 
had  been  found  for  pellet  counts  and  percent  utilization  in  chained  rangeland 
habitat.  During  this  past  year,  however,  no  significant  positive  correlations 
were  obtained.  That  pellet  group  counts  do  not  correlate,  or  at  least  are  only 
weakly  correlated,  with  browse  utilization  suggests  merely  that  feeding  and  de- 
fecation by  deer  does  not  necessarily  occur  in  the  same  locations.  Data  obtain- 
ed from  browse  and  pellet  count  studies,  therefore,  should  be  considered  separ- 
ate indicator  variables,  both  of  which  reflect  overall  deer  abundance  in  the 
Tract  C-b  area. 

The  absence  of  significant  correlations  between  pro- 
duction and  percent  utilization  (except  in  one  case.  Table  8.2.2-3)  indicates 
that  the  percentage  of  the  current  shoot  growth  consumed  by  deer  is  not  a  func- 
tion of  the  amount  of  growth  produced.  The  rather  constant  or  uniform  charac- 
teristic of  percent  utilization  is  shown  in  Table  8.2.2-3  in  terms  of  coeffi- 
cients of  variation  (CV).  The  low  CVs  associated  with  percent  utilization  quan- 
tifies what  has  been  observed  in  past  years.  Namely,  regardless  of  how  much  a 
shrub  produces  in  terms  of  shoot  length,  deer  tend  to  take  a  constant  percent  of 
it.  Thus,  percent  utilization  is  a  better  indicator  variable  for  evaluating 
utilization  than  length  of  shoots  remaining,  which  tends  to  be  quite  variable  by 
comparison.  It  should  be  mentioned  in  the  context  of  the  CVs  shown  that  pellet 
counts  were  more  variable  than  browse  measurements.  This  is  contrary  to  what  is 
generally  believed,  and  points  out  that  the  relative  ease  with  which  adequate 
sample  sizes  can  be  obtained  for  pellet  counts  relates  to  speed  of  sampling 
rather  than  to  variability  of  data. 

8.2.2.6  Concl usions 

Both  bitterbrush  production  and  utilization  were  lower 
on  the  browse  transects  in  1980  than  in  1979.  Percent  utilization  is  a  better 
indicator  for  evaluating  utilization  than  length  of  shoots  remaining.  Produc- 
tion and  utilization  of  browse  has  not  been  significantly  affected  by  develop- 
mental activities  on  Tract  C-b. 
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8.2.3  Migrational  Patterns  and  Phenology 

8.2.3.1  Scope 

Deer  road  counts  have  proven  useful  for  showing  deer 
distributions  along  the  Piceance  Creek  highway.  The  structural  road  count  ob- 
servations are  repeatable,  and  provide  a  means  of  quantifying  changes  in  rela- 
tive abundance  and  distribution. 

8.2.3.2  Objectives 

The  main  objectives  of  deer  road  count  studies  are   to 
document  the  distributional  patterns  of  deer  along  the  Piceance  Creek  arainage 
during  the  Fal 1-through-Spr ing  period,  and  to  record  the  times  of  the  seasonal 
migrational  movements. 

8.2.3.3  Experimental  Design 

Counts  were  made  at  approximately  weekly  intervals 
beginning  in  mid-September  and  ending  in  May.  Observations  were  made  along  41 
miles  of  highway,  from  Highway  54  on  the  White  River  to  Highway  13  at  Rio 
Blanco.  Counts  were  made  from  a  vehicle  driving  approximately  30  m.p.h.  All 
travel  was  changed  for  each  consecutive  count.  Deer  were  recorded  for  one-mile 
intervals,  ann  according  to  feeding  locations  on  slopes  or  in  meadows.  Stations 
are  shown  on  Exhibit  C  (found  in  the  back  cover  jacket  of  this  volume). 

8.2.3.4  Method  of  Analysis 

At  the  present  time,  data  are  evaluated  by  comparisons 
of  histograms  showing  numbers  of  deer  observed  along  the  Piceance  Creek  road  at 
selectea  periods  throughout  the  winter. 

8.2.3.5  Discussion  and  Results 

The  fall  migration  of  deer  into  the  Tract  C-b  area 
again  occurrea  during  the  mid-October  period.  Also,  the  departure  of  deer  from 
the  agricultural  meaaows  along  Piceance  Creek  again  occurred  during  early  May, 
The  phenology  of  deer  migration,  therefore,  has  remained  basically  the  same  over 
the  past  six  years . 

The  pattern  of  deer  occurrence  along  the  Piceance 
Creek  roaa  has  the  potential  of  being  an  indicator  of  impacts  due  to  Tract  C-b 
development.  For  example,  if  deer  are  displaced  to  either  side  of  Tract  C-b 
during  their  fall  migration  from  the  higher  elevations  to  the  south  of  the 
Tract,  conceivably  this  displacement  could  be  manifested  in  relatively  fewer 
deer  occurring  in  the  meadows  immediately  north  of  active  development  locations. 
However,  this  past  year's  observations  for  the  October-November  period  (Figure 
8.2.3-1)  indicate  no  such  shift  in  relative  numbers  of  deer  when  compared  to 
previous  years. 
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Fig. 8.2.2-1.  Summary  of  deer  road  counts  for  1979-80.  Heights  of  bars  are  means;  samnle  sizes  (M)  ire 
the  number  of  road  counts  for  the  period. 
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8.2.3.6  Conclusions 

The  migrational  movements  and  distribution  along  the 
highway  of  the  mule  deer  in  the  Piceance  Basin  have  basically  remained  the  same 
over  the  years.  The  high  road  count  for  the  year  was  1409  deer  recorded  in 
April . 

8.2.4  Road  Kill 

8.2.4.1  Scope 

Mule  deer  road  kill  data  were  collected  weekly  along 
Piceance  Creek  highway  to  obtain  information  on  the  number  and  location  of  deer 
killed  by  vehicles  on  the  highway. 

8.2.4.2  Objectives 

The  main  objectives  of  collecting  road  kill  data  were 
to  obtain  accurate  mule  deer  fatality  estimates  and  to  use  this  information  in 
conjunction  with  other  deer  study  data  to  identify  problem  areas  so  the 
necessary  mitigative  measures  could  be  initiated. 

8.2.4.3  Experimental  Design 

Weekly  road  kill  data  were  collected  from  September 
1978  through  May  1979  at  the  same  stations  used  for  mule  deer  migrational  pat- 
terns and  phenology  study.  The  dead  deer  were  aged,  sexed,  and  tagged.   In 
addition,  one  ear  was  removed  to  avoid  double  counting.  Road  kill  information 
was  compared  to  Division  of  Wildlife  information  collected  to  ensure  that  all 
deer  found  were  recorded. 

8.2.4.4  Methoa  of  Analysis 

Currently,  time  series  tabulations  and  graphs  are  used 
for  analysis.  When  several  years  of  data  have  been  collected,  nonparametr ic 
tests  such  as  the  log-likelihood  G  test  (Sokal  and  Rohlf  1967)  will  be  used. 

8.2.4.5  Discussion  and  Results 

Data  for  mule  deer  killed  along  the  Piceance  Creek 
Highway  from  1977  through  1980  are  shown  in  Figure  8.2.4-1.  There  was  a  27% 
drop  in  the  number  of  roadkills  comparing  79-80  data  to  aata  from  78-79.  This 
decrease  can  probably  be  attributed  to  the  presence  of  fewer  deer   along  the 
hiahway.  The  mule  deer  herd  size  was  greatly  reduced  by  the  severe  winter  of 
78-79. 

Total  deer  roadkill  for  the  Piceance  Creek  Highway  is 
shown  in  Figure  8.2.4-2.  Almost  twice  as  many  deer  were  killed  along  the  lower 
20  mile  section  as  along  the  upper  20  mile  section.  This  is  not  surprising 
since  there  is  twice  as  much  traffic  toward  the  Rio  Blanco  Store  terminus  of  the 
Piceance  Creek  Hignway  as  the  White  River  terminus. 
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FIGURE  8.2.4-2 


MULE  DEER  ROAD  KILL.  PICEANCE  CREEK  -  COUNTY  ROAD  5 
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Table  8.2.4-1  gives  the  ag^  and  sex  breakdown  of  the 
roadkills  along  the  highway.  The  percentile  of  male  fawns  increased  for  79-80 
data  in  comparison  with  78-79  data  (22  percent  and  10  percent,  respectively). 
Comparing  the  same  years  for  mature  does  shows  a  decrease  of  20  percent  (41  per- 
cent for  79-80  vs.  61  percent  for  78-79),  These  trends  dre   reversed  when 
comparing  aata  from  78-79  to  77-78;  male  fawn  roadkills  decreased  v;hile  doe 
roadkills  increased.  This  shifting  in  numbers  will  be  monitored  closely. 

8.2.4.6  Conclusions 

The  number  of  mule  deer  killed  along  the  Piceance 
Creek  Highway  has  varied  over  the  years.  The  number  of  deer  killed  seems  depen- 
dent on  herd  size,  vehicular  traffic  load  and  weather  conditions.  More  informa- 
tion is  needea  to  establish  the  degree  these  variables  are  interrelated.  See 
also  Section  12.3.2. 

8.2.5  Natural  Mortality 

8.2.5.1  Scope 

Baseline  studies  have  shown  winter  kills  to  be  largely 
restricted  to  the  lateral  draws  and  bottomland  sagebrush.  Checking  these  areas 
each  spring  has  helped  in  observing  changes  in  the  relative  magnituae  of  deer 
mortal i  ty. 

8.2.5.2  Objectives 

The  objectives  of  this  study  are  to  estimate  deer  mor- 
tality on  a  yearly  basis  in  order  to  document  long-term  trends  and  to  aid  inter- 
pretations  of   other  deer  data. 

8.2.5.3  Experimental  Design 

Sampling  was  done  in  the  spring  on  10  plots  located  in 
lateral  draws  and  sagebrush  gulches  (see  Exhibit  C).  The  age  and  sex  of  all 
deer  that  haa  died  the  previous  winter  were  recorded,  and  each  carcass  marked 
with  a  metal  tag  stamped  with  the  current  year.  The  presence  of  either  the 
skull  of  pelvic  girdle  was  required  to  constitute  a  carcass, 

8.2.5.4  Method  of  Analysis 

Nonparametric  tests  such  as  the  log-likelihood  G  test 
(Sokal  ana  Rohlf  1967)  will  be  used  when  several  additional  years  of  data  have 
been  gathered.  Only  tabular  presentations  will  be  used  until  then. 

8.2.5.5  Discussion  and  Results 

Data  from  mortality  studies  can,  of  course,  be  corre- 
lated with  other  measurements  of  deer  abundance.  These  evaluations,  however, 
will  become  more  meaningful  after  more  years  of  data  have  been  accumulated. 
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TABLE  8.2.4-1 
Piceance  Creek  Road  Kill 
(Piceance  Creek  Road  from  0  thru  Mile  41) 


DOES 

#             % 

FAWNS 

BUCKS 

#             % 

Unknown 

Date 

Male 

#       % 

Female 
#        % 

Total 

9/77-5/78 

40           41 

28     29 

22        22 

8             8 

2 

100* 

9/78-5/79 

80           61 

13     10 

27       21 

11             8 

0 

131 

9/79-5/80 

40           41 

22     22 

26       27 

3             3 

5 

96 

*Total  road  kill  was  125  deer.  This  figure  was  derived  from  combining  DOW  data 
with  C-b  data. 
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Presently  it  should  be  pointed  out  that  the  deer 
mortality  was  higher  during  the  1979-1980  winter  period  (Table  8.2.5-1)  than 
during  the  previous  and  more  severe  winter  of  1978-1979.  The  Department  of 
Wildlife  (DOW)  also  recorded  a  high  winter  mortality  for  the  1979-80  winter. 
This  result  is  surprising  and  no  explanation  can  be  substantiated  at  this  time. 
However,  one  possible  explanation  may  be  that  the  severe  winter  of  1978-1979 
left  the  surviving  aoes  in  such  poor  condition  that  they  had  fawns  that  were  in 
only  fair  or  poor  condition.  These  does  and  fawns  may  have  entered  into  the 
1979-1980  winter  in  less  than  optimum  condition,  thereby  being  more  susceptible 
to  winter  mortal i  ty. 

8.2.5.6  Conclusions 

Deer  mortality  was   higher   during   the   1979-1980  winter 
than  during   the  previous  years   (1977-1979). 

8.2.6     Age-Class  Composition 

8.2.6.1  Scope 

Estimating  the  age-class  composition  of  the  deer  herd 
in  the  fall  faciliates  evaluating  the  magnituae  of  fawn  mortality  that  occurred 
during  spring  and  summer  while  deer  were  on  summer  range.  Estimates  taken  in 
spring  permit  estimating  the  fawn  mortality  that  occurred  while  deer  were  on 
winter  range  in  the  C-b  area. 

8.2.6.2  Objectives 

The  main  objective  of  the   age-class  study   is   to  esti- 
mate fawn-adult   ratios    in   fall    and   in   spring. 

8.2.6.3  Experimental  Design 

Sampling  locations  were  restricted  to  the  meadows  of 
major  drainages  within  five  miles  of  Tract  C-b.  Counts  occurred  in  November  and 
in  April,  Observations  took  place  during  times  of  high  concentrations.  The 
deer  that  could  be  clearly  observed  were  recorded  as  adults,  fawns  or  bucks.  No 
attempt  was  made  to  recognize  yearlings,  and  bucks  (and  the  number  of  points  on 
both  antlers)  were  recorded  only  when  feasible. 

8.2.6.4  Method  of  Analysis 

Data  from  this  study  will  be  usea  mainly  to  aid  in  the 
interpretation  of  the  results  of  other  deer  studies. 

8.2.6.5  Discussion  and  Results 

Only  6.9  fawns  per  100  adult  deer  were  recorded  during 
April  1980  (Table  8.2.6-1).  During  April  1979,  12  fawns  per  100  adult  deer  were 
recorded.  These  findings  support  the  surprising  results  mentioned  above  relat- 
ing to  deer  mortality.  Why  fawn  mortality  was  higher  during  the  winter  of 
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TABLE  8.2.5-1 
Results  of  Deer  Mortality  Studies 


No.  of 

Hectares 

Carcasses 

Sampl ing 

carcasses 

sampled 

per  hectare 

Year 

Location 

found 

(acres) 

(   /acre) 

1979-80 

Sagebrush 
Internal   draw 

60 

70.5(174) 

0.851(0.345) 

1978-79 

Sagebrush- 
lateral   draw 

34 

70.5(174) 

0.482(0.195) 

19  77-78 

Sagebrush- 
lateral   draw 

25 

70.5(174) 

0.355(0.144) 

1976-77 

Interim  monitoring 

period  - 

No  sampl ing 

1975-76 

Lateral   draws 

8 

7.25(18) 

1.10(0.44) 

1974-75 

Lateral   draws 

11 

7.25(18) 

1.52(0.61) 

2bl 


TABLE  8.2.6-1 
Age  Class  Composition  of  iMule  Deer  Wintering  Near  Tract  C-b 


Fawns/    Bucks/     Fawns/ 
Date  Fawns  Does  Bucks  Adults  100  Does   100  Does   100  Adults 


Nov.  15-23,  1977  85  107   28     135  79.4      26.2       63.0 

Apr.  04-07,  1978  68  104  65.0 

Nov.  13-27,  1978  151  159    35     194  95.0      22.0       77.8 

Apr.  20-26,  1979  41  343  12.0 

Nov.  27-Dec.  7,  1979  46  62     8     70  74.1      12.9       65.7 

Apr.  21-24,  1980  26  375  6.9 
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1979-1980  than  during   the  more  severe  winter  of   1978-1979    is   not   known.      See 
Section  8.2.5.5  for  one  possible  explanation  for  the  difference   in  fawn  counts. 

8.2.6.6     Conclusions 

Fawn   counts    in  1980  were  6.9  fawns   per  100  adult  deer 
which  was   lower  than  the  count   in  1979. 

8.3     Medium-Sized  Mammals 

Studies  of  medium-sized  mammals  are  restricted   to  coyotes   and   lago- 
morphs   (cottontails  and  jackrabbits) .     Monitoring  of  these  animal   groups   pro- 
vides  trend   information  on  the  relative   abundance  of   larger  mammalian  predators 
to  prey  species  present  within  the  Tract  C-b  ecosystem. 

8.3.1     Coyote  Abundance 

8.3.1.1  Scope 

Coyotes  are  of  ecological  significance  because  they 
are  a  major  predator  on  Tract  C-b.  They  are   also  of  general  interest  to  the 
public  with  botn  strongly  negative  and  positive  supporters. 

8.3.1.2  Objectives 

The  objective  of  the  coyote  study  is  to  obtain  trend 
information  on  the  relative  abundance  of  coyotes  on  and  near  Tract  C-b. 

8.3.1.3  Experimental  Design 

Two  coyote  scent-station  surveys  are  being  used  fol- 
lowing the  design  of  the  U.S.  Fish  and  Wildlife  Service  (Linhart  and  Knowlton 
1975).  Sampling  was  done  in  early  October  along  30  miles  of  road  segments  on 
and  near  the  Tract.  The  presence  of  tracks  was  checked  once  the  day  after  scent 
stations  were  set  out.  This  survey  technique  is  also  being  used  to  record  in- 
formation on  wildlife  species  other  than  coyotes. 

8.3.1.4  Method  of  Analysis 

Relative  abundance    is  calculated   as   a  visit   freauency. 
The   long-term  trend  data  being   gatherea  on  Tract  will   be  evaluated   in  the  con- 
text of  the  state-wide  data  gathered  by  the  U.S.   Fish   and  Wildlife  Service. 

8.3.1.5  Discussion  and  Results 

The  relative  index  value  of  50  for  coyote  abundance 
(Table  8.3.1-1)  was  calculated  as  an  average  for  two  50-station  transects.  This 
value,  when  compared  to  the  indices  of  previous  years,  is  considerably  below  the 
overall  average  value  of  112.  Ranchers  in  the  area  indicated  that  they  hunted 
coyotes  during  the  winter.  However,  no  professional  trappers  were  hired  as  had 
been  the  case  in  1978.  No  trends  are  apparent  when  the  indices  of  abundance 
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TABLE  8.3.1-1 
Results  of  the  Coyote  Scent  Station  Survey,  1980 


^ 

Line 

Location 

No.  of 
Stations 

No.  of 
Visits 

1 

Big  Jimmy 

25 

2 

2 

Scandard  Ridge 

10 

0 

3 

Scandard  Gulch 

10 

1 

4 

SG-15 

10 

0 

5 

SG-3 

10 

0 

6 

Stewart  Ridge 

15 

1 

7 

West  Stewart  V 

al  ley 

10 

1 

8 

Bai ley  Ridge 

10 

' 

0 

Index  of  abundance  = 

No. 
No. 

of 
of 

visits 
stations 

X  1000 

= 

5 
100 

X 

1000  =  50 

Indices 

of  Coyote  i 

'\bundance 

USFWS 

Year 

C.B.  Tract 

(Col 

orado  Average) 

1979 

70 

91.5 

1978 

50 

104.4 

1977 

130 

104.4 

1976 

Interim 

110.2 

1975 

122 

74.4 

1974 

188 

98.1 

d3f 


from  C-b  Tract  are  compared  from  those  of  the  USFWS.  Trends  of  coyote  abundance 
will  become  more  meaningful  when  additional  years  of  data  have  been  collected. 

No  new  species  of  mammals  were  identified  while  con- 
ducting the  coyote  scent  station  surveys. 

8.3.1.6  Conclusions 

Coyote  abundance  for  1980  was  calculated  as  a  relative 
index  value  of  50.  This  value  is  below  the  average  value  of  112.  No  trends  in 
coyote  abundance  are  apparent  at  this  time. 

8.3.2  Lagomorphs 

8.3.2.1  Scope 

Cottontails  and  jackrabbits  provide  a  potentially  im- 
portant prey  base  for  raptorial  birds  and  coyotes.  The  cottontail  is  classified 
as  a  game  species,  but  presently  it  is  of  little  economic  value  in  the  vicinity 
of  Tract  C-b.  At  some  time  in  the  future,  however,  its  status  could  change. 
The  lagomorph  relative-abundance  estimates  are  based  on  data  collected  along  the 
BA-designated  transects.  (See  Exhibit  C  for  transect  locations  and  Volume  2 
Appendix  for  identification  of  transects.) 

8.3.2.2  Objectives 

The  objectives  of  lagomorph  studies  are  to  obtain  rel- 
ative-abundance estimates  for  cottontails  and  jackrabbits  on  and  near  Tract 
C-b. 

8.3.2.3  Experimental  Design 

Relative  abundance  indices  of  cottontails  and  jack- 
rabbits were  estimated  along  the  twenty-seven  transects  used  for  deer  pellet 
group  and  browse  production-utilization  studies.  Counts  of  presence-absence 
data  were  made  inside  the  deer  quadrats,  but  were  restricted  to  an  area  of  0.001 
acre. 

8.3.2.4  Method  of  Analysis 

Yearly  differences  and  habitat  affinity  evaluations 
can  be  analyzed  using  t-tests.  Trend  analyses  and  correlations  can  be  readily 
applied  as  well,  but  these  analyses  will  be  more  appropriate  after  4  or  5  more 
years  of  data  are  gathered. 

8.3.2.5  Discussion  and  Results 

Comparisons  of  results  for  the  past  two  years  (Table 
8.3.2-1)  indicate  no  significant  changes  in  lagomorph  abundance  levels.  (Pair- 
ed-t,  df=14,  P>0.05;  and  t=0.439,  df=ll,  P>0.50).  Also,  no  significant  differ- 
ences were  found  in  relative  abundance  values  between  chained  and  pinyon-juniper 
habitat  (t=0.387,  df=25,  P>0.50). 
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Table  8.3.2-1.   Relative  abundance  of  cottontails  and  jackrabbits, 
1979-80.  Each  transect  consists  of  twenty  0,001 
acre  plots. 

No.  of  plots  with 
Transects  lagomorph  droppings 


Chained  range! and  habitat: 

BAOl  15 

BA02  12 

BA03  16 

BA04  6 

BA05  13 

BA06  12 

BA07  12 

BA08  1 1 

BA09  10 

BA17  14 

BA18  19 

BA25  12 

BA20  8 

BA21  8 

BA23  12 

Pi nyon- juniper  habitat: 

BAIO  12 

BAll  15 

BA12  14 

BA13  8 

BA14  6 

BA15  2 

BA16  19 

BA19  13 

BA22  10 

BA24  10 

BA26  14 

BA27  14 
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8.3.2.6  Conclusions 

Developmental  activities  on  Tract  C-b  do  not  seern  to 
be  affecting  lagomorph  abundance.  Mo  significant  differences  were  detected  when 
values  of  lagomorph  relative  abundance  were  compared  from  the  chained  rangeland 
versus  pinyon-juniper  woodland  habitat. 

8.4  Small  Mammals 

8.4.1  Species  Diversity  and  Abundance 

8.4.1.1  Scope 

Small  niarmals  are  important  as  prey  species.  Monitor- 
ing changes  in  selected  population  abundance  parameters  will  aid  in  assessing 
potential  effects  of  pollutants  before  populations  of  larger  animals  are  greatly 
affected. 

8.4.1.2  Objectives 

The  objectives  of  small  mammal  monitoring  on  Tract  C-b 
are  to  determine  small  mammal  species  composition,  reproductive  conditions,  age 
class  and  relative  abundances,  and  to  see  how  the  development  of  Tract  C-o    is 
affecting  populations  as  manifested  by  these  parameters.  During  1980,  field 
sampling  was  also  performea  to  test  whether  watering  of  chained  rangeland  habi- 
tat affects  small  mammal  abundance  and  diversity. 

8.4.1.3  Experimental  Design 

Small  mammal  trapping  was  conducted  in  two  habitat 
types:  chained  rangeland,  and  pinyon-juniper  woodland.   In  chained  rangeland 
habitat,  trapping  occurred  at  control  and  at  development  sites.  Development 
sites  were  defined  as  locations  where  the  water  sprinl<ling  system  was  in  opera- 
tion. See  Figure  8.7.2-1.  Trapping  locations  in  the  development  area  were 
chosen  by  randomly  selecting  seven  sprinkler  sites  (five  with  low  water  treat- 
ment, and  two  with  high  water  treatment).  Control  locations  occurred  in  the 
same  habitat,  but  at  three  distant  locations  surrounding  the  sprinkling  system. 
At  each  of  the  control  and  development  sites,  parallel  transects  were  establish- 
ed, each  consisting  of  10  live  traps  spaced  at  5  meter  intervals.  Animals  were 
removed  from  traps  during  mornings,  and  at  this  time  all  transects  were  moved 
approximately  15  meters.  Moving  traps  each  day  was  done  to  minimize  recaptures 
and  to  sample  a  larger  area  of  the  habitat.  Bait  consisted  of  rolled  oats. 
Trapping  occurred  for  four  days  during  July  and  during  August.  Trapping  also 
occurred  in  pinyon-juniper  habitat  following  the  same  design.  Trapping  in 
pinyon-juniper  habitat  was  conducted  as  part  of  the  original  long-term  monitor- 
ing program,  and  to  proviae  additional  control  study  sites. 

8.4.1.4  Method  of  Analysis 

Statistical    analysis   consisted   of   the  one-way   analysis 
of   variance   (ANVOA)   and   the  Student-Newman-Keuls   (SNK)   multiple  range  test. 
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8.4.1.5  Discussion  ana  Results 

The  main  objective  of  small  fTiammal  studies  during  1980 
was  to  determine  if  the  sprinkling  program  being  conducted  on  Tract  C-b  in 
chained  rangeland  and  habitat  affects  small  mammal  populations.  The  sprinkler 
system  became  operative  on  27  May,  five  weeks  prior  to  the  July  trapping  period. 
The  results  obtained  for  July  and  August  (Table  8.4.1-1)  were  obtained  during  a 
watering  program  consisting  of  intermittent  sprinkling. 

Three  species  of  small  mammals  were  commonly  captured 
during  July  and  August  in  chained  rangeland  habitat:  the  deer  mouse,  least  chip- 
munk, and  golden-mantled  ground  squirrel.  Only  one  Apache  pocket  mouse  was  cap- 
tured, and  although  Uinta  chipmunks  were  commonly  captured  in  pinyon-juniper 
habitat,  none  were  taken  at  control  or  development  sites  in  chained  areas. 

Differences  in  relative  abundance  of  small  mammals 
between  control  ana  oevelopment  sites  were  evaluated  using  one-way  ANOVA's  and 
SMK  tests.  Results  obtained  for  the  three  common  species  are  shown  in  detail, 
along  with  a  summary  of  the  findings,  in  Table  8.4.1-2.  The  apparent  avoidance 
of  the  watered  areas  by  deer  mice,  and  the  apparent  attraction  to  these  areas  by 
golden-mantled  ground  squirrels,  is  strongly  indicated  by  the  statistically 
significant  difference  between  development  and  control  sites  that  were  obtained. 
It  is  likely  that  least  chipmunks  tended  to  avoid  watered  areas  as  well,  al- 
though results  are  not  as  convincing. 

Differences  in  capture  frequencies  between  control  and 
watered  areas  is  probably  due  to  rather  immediate  behavioral  responses.  Pos- 
sibly, however,  a  response  by  plants  occurred  first,  which  altered  food  condi- 
tions. Yet,  this  seems  unlikely  after  sprinkling  began.  But  regardless  of  the 
casual  factors  involved,  the  results  indicate  that  narked  changes  in  small  mam- 
mal populations  can  be  expected  to  occur  in  areas  receiving  considerable  amounts 
of  water.  Since  the  three  species  commonly  captured  represent  part  of  the  prey 
base  for  larger  predatory  mammals  and  birds,  population  changes  of  the  magnitude 
detected  during  1980  are  of  potential  importance  to  the  ecosystem. 

Results  of  trapping  in  pinyon-juniper  habitat,  when 
comparea  to  control  areas  in  chained  habitat,  indicated  no  statistically  signif- 
icant differences  in  abundance  levels  between  habitats  for  either  deer  mice  or 
golden-mantled  ground  squirrels.  The  Uinta  chipmunk,  however,  showed  a  distinct 
affinity  for  pinyon-juniper  habitat,  whereas  the  least  chipmunk  showed  a  strong 
affinity  for  chained  habitat  (tests  for  the  above  comparisons  used  ANOVA's  with 
df=l). 

8.4.1.6  Conclusions 

Preliminary  data  show  that   deer  mice  tend   to   avoid 
watered   areas,   whereas,   golaen-mantlea  ground   squirrels   are   attracted   to  these 
areas. 

Trapping   results    in   the   pinyon-juniper   habitat   compared 
to   the  chained   areas   show  similar   patterns   to  past  year's   results.     The   least 
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Table  8.4.1-1.   Relative  abundance  of  small  mammals,  1980^.  Data  compare  watered 

areas  in  the  chained  rangeland  habitat  with  control  areas  in 

chained  and  pi nyon- juniper  habitat.  Actual  number  of  animals 
captured  is  shown  in  brackets. 


- 

-  Chained 

Range' 

land  Habitat  — 

Pi 

nyon-Juniper 
-  Habitat  

Least 

Water 

Most 

Water 

Control 

Control 

JUL 

AUG 

JUL 

AUG 

JUL 

AUG 

JUL 

AUG 

(300)2 

(300) 

(300) 

(120) 

(600) 

(600) 

(150) 

(150) 

Deer  Mouse 

Peromysaus  manioulatus 

20.3 

{61} 

15.3 

ike] 

16.3 
{49} 

11.7 
{U} 

26.8 
{161} 

27.8 
{167} 

34.7 

{52} 

23.3 
{35} 

Least  Chipmunk 

Eutamias  minimus 

7.3 

{22} 

28.7 

{86} 

6.7 
{20} 

24.2 
{29} 

13.5 

{81} 

19.7 
{118} 

0.7 
{1} 

1.3 
{2} 

Uinta  Chipmunk 

Eutamias  umbrinus 

0 

0 

0 

0 

0 

0 

5.3 
{8} 

11.3 
{17} 

Golden-mantled  ground 
squirrel 

Spermophilus   lateralis 

10.7 

{32} 

4.0 
{12} 

10.7 
{32} 

8.3 
{10} 

4.7 
{28} 

0.7 

4.0. 
{6} 

0 

Apache  Pocket  Mouse 

Perognathus  apaahe 

0 

0 

0 

0 

0.2 

{1} 

0 

0 

0 

^  Relative  abundance  =  number  of  captures/  100  traps. 

2  Number  of  trap-nights  (a  trap-night  is  one  trap  set  one  night). 
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Table  8.4.1-2.   Analysis  of  variance  results  concerning  small  maninal 

responses  to  the  watering  of  chained  rangeland  habitat. 
See  footnotes  for  definitions  of  abbreviations  used. 


TEST  NO.  1.  Deer  Mouse  Results,  July  1980. 

Source  of  Variance 

Variation DF MS F Components 

Among  locations       2       12.038       4.68  8.9% 

Error              117        2.572  91.1% 

Fo.05(2,ii7)  =  3.09    P<0.025    (Xi=2.7^X2=2.0;  X3=1.6) 
Nonsignificant  means  (underlined)  t^i  x'2  ^3 


Conclusion:  reject  Hq.  Number  of  captures  were  not  the  same  in  the 
three  locations,  but  differences  were  not  sufficiently  great  to 
permit  an  unambiguous  separation  of  means. 


TEST  NO.  2.  Deer  Mouse  Results,  August  1980. 

Hq:  yi=  ^2  =  vi 

Source  of  Variance 

Variation DF MS F Components 

Among  locations  2  23.249  11.32  26.8% 

Error  99  2.054  73.2% 

''0.05(2,99)  =  3.10         P«0.001  (Xi=2.8;   X2=1.5;   X3=1.2) 

Nonsignificant  means  (underlined):  X^  X'2  X"3 


Conclusion:     reject  Hq.     Number  of  captures  were  significantly  greater 
in  the  control   locations. 
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Table  8.4.1-2.     Continued. 


TEST  NO.  3.    Least  Chipmunk  Results,  July  1980. 

Source  of  Variance 

Variation DF MS F Components 

Among  locations                  2                  6.371                 4.83  9.3% 

Error                                 117                  1.318  90.7% 

Fo.05(2,ii7)  =  3.09    P<0.01    (Xi=1.4;  X2=0.7;  X3=0.7) 
Nonsignificant  means  (underlined):  Y^  X2  J^ 


Conclusion:  reject  Hq.  Number  of  captures  were  significantly  greater 
in  the  control  location. 


TEST  NO.  4.  Least  Chipmunk  Results,  August  1980. 

Hq:  vi=  M2  -  ^3 

Source  of  Variance 

Variation DF MS F Components 

Among  locations       2       8.219      3.10         6.9% 
Error  99       2.650  93.1% 


•"0.05(2,99)  =  3.10    P=0.05    (Xi=2.9;  X2=2.0;  X3=2.4) 


Conclusion:  accept  Hq.  Number  of  captures  were  not  significantly 
different  among  locations. 
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Table  8.4.1-2.     Continued, 


TEST  NO.  5.  Golden-mantled  Ground  Squirrel  Results,  July  1980. 

Source  of  Variance 

Variation DF MS F Components 

Among  locations       2       5,400       6.67        13.1% 
Error  117       0.809  86.7% 

Fo.05(2,ii7)  =  3.09    P<0.005    (Xi=0.5;  X2=l.l;  X3=l.l) 
Nonsignificant  means  (underlined):  Xi  X2  X3 


Conclusion:  reject  Hq.  Number  of  captures  were  significantly  less  in 
the  control  location. 


TEST  NO.  6.  Golden-mantled  Ground  Squirrel  Results,  August  1980. 

Source  of  Variance 

Variation           DF         MS         F  Components 

Among  locations        2        3.386      22.96  43.8% 

Error               99        0.147  56.2% 

^"0.05(2,99)  =  3.10    P«0.001    (Xi=0.1;  X2=0.4;  X3=0.8) 
Nonsignificant  means  (underlined):  Xi  X2  X3 


Conslusion:  reject  Hq.  All  means  are  significantly  different. 

Number  of  captures  were  significantly  less  in  the  control  location 
than  in  the  two  water  treatment  locations. 


dtd 


Table  8.4.1-2.  Continued. 


SUMMARY  OF  RESULTS.  Asterisks  indicate  significant  habitat  affinities 


Species 

Date 

High  Water 

Low  Water 

Control 

Deer  mouse 

July 
August 

* 
* 

Least  chipmunk 

July 
August 

* 

Golden-mantled  ^"^^ 

ground  squirrel 

August 


*  (differences  not  significant  between 
the  two  water  treatments) 


X"i  =  mean  number  captures,  control  location. 

^2  =  mean  number  captures,  low  water  treatment  location. 

X3  =  mean  number  captures,  high  water  treatment  location. 

ui =  true  population  mean,  control  location. 

y2 =  true  population  mean,  low  water  treatment  location. 

y3 =  true  population  mean,  high  water  treatment  location. 

SNK=  Student-Newman-Keuls  multiple  range  test. 
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chipmunk  still  shows  a  strong  preference  for  the  chained  habitat,  whereas,  the 
Uinta  chipmunk  prefers  pinyon-j uniper  woodlands. 

8.5  Avifauna 

A  wide  variety  of  birds  exist  on  Tract  C-b  and  in  the  surrounding 
area.  Avifauna  were  monitored  to  determine  potential  effects  of  habitat  distur- 
bance on  species  abundance. 

8.5.1  Songbird  Relative  Abundance  and  Species  Composition 

8.5.1.1  Scope 

Songbirds  were  monitored  durinq  their  breeding  season 
to  determine  effects  of  development  on  avifauna.  It  is  anticiapted  that  habitat 
disturbance  and  increased  human  activity  may  effect  population  censities  and 
relative  abundance  of  the  more  prominent  species.  Certain  species  may  be  more 
affected  by  man-made  impacts  than  others. 

8.5.1.2  Objectives 

Objectives  of  the  program  are  to  evaluate  effects  of 
development  activity  on  songbird  densities,  species  abundance  and  diversity  by 
comparing  control  to  developmental  transect  observations. 

8.5.1.3  Experimental  Design 

Monitoring  the  avifauna  transects  occurs  in  May  durinq 
the  peak  of  the  breeding  season.  Monitoring  efforts  are  consistent  with  past 
sampling  deisgns  in  that  two  transects  in  pinyon-juni per  woodland  ana  two 
transects  in  chained  pi  nyon-juni  per  rangelana  d.re   sampled.   In  addition,  in  1980 
a  new  avifauna  transect  was  established  in  the  sprinkler- irrigation  area  (See 
Figure  8.7.2-1).  One  transect  in  each  habitat  type  (Transects  l(BHOl)  and 
4(BH04))  is  locatea  in  an  area  which  will  not  be  disturbed  by  oil  shale  develop- 
ment. The  remaining  three  transects  (Transects  2(BH02),  3(BH03),  and  5(BH05)) 
are  located  within  each  habitat  where  some  disturbance  from  oil  shale  develop- 
ment is  anticipated.  All  transects  are  800  meters  long  and  are  permanently 
marked  with  steel  rebar  stakes  and  flagging.  The  method  employed  for  censusing 
is  the  strip  transect  method  as  described  by  Emlen  (1977)  with  slight  modifica- 
tions. This  method  provides  data  from  which  quantitive  estimates  of  density  of 
songbird-like  species  can  be  calculated. 

8.5.1.4  Method  of  Analysis 

The  population  density  estimates  for  species  observed 
on  strip  transects  were  determined  by  one  of  three  methods  described  by  Emlen 
(1971)  which  depended  on  the  conspicuousness  of  the  species  to  the  observer. 
Since  the  validity  of  any  of  these  methods  varied  for  different  species,  pro- 
fessional judgment,  based  on  experience  with  the  conspicuousness  of  various 
species  within  different  habitats  during  different  seasons,  was  used  in  select- 
ing the  best  density  estimator.  The  Shannon-Weiner  calculations  (Pielou  1966) 
were  used  to  compute  indices  of  species  diversity  (H'),  maximum  diversity 
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H'jp^^jana  equitability  (J)  for  each  habitat  sampled  by  strip  transect 
procedures.  Symbols  d.re   defined  in  Table  8.5.1-1.  The  Hutchenson's  t-test  was 
used  to  test  the  null  hypothesis  that  two  sampled  populations  have  the  same 
diversity.  The  least  squares  linear  regression  model  was  used  to  determine  if  a 
linear  trend  exists  for  a  set  of  observations. 

Additional  analysis  included:  analyzing  visual  trends 
for  species  on  transects  and  plotting  species  number  by  years  and  by  transects. 

8.5.1.5  Discussion  and  Results 

A  list  of  bird  species  observed  on  Tract  C-b  during 
the  1980  census  period  is  given  in  Table  A8.5.1-1.   Included  in  the  table  ire 
species  that  were  observed,  but  not  included  in  the  quantitative  analysis 
because  they  were  not  observed  within  the  strip  corridor  or  because  specific 
habits  of  species,  such  as  Swainson's  hawk  and  common  raven,  rendered  theni 
unsuitable  for  this  type  of  quantitative  analysis. 

Relative  abundance  and  species  density  for  1980  are 
similar  to  previous  year's  data  (1977-1979).  Tables  A8.5.1-2  through  A8.5.1-6 
summarize  strip  transect  results  and  estimates  of  relative  abundance  and  density 
for  each  transect.  Brewer's  sparrow,  green-tailed  towhee  and  vesper  sparrow 
(listea  in  decending  order)  were  the  TOSt  abundant  species  In  the  chained 
pinyon-juniper  rangeland  while  the  Clark's  nutcracker,  mountain  chickaaee, 
black-throated  gray  warbler,  solitary  vireo,  and  chipping  sparrow  were  the  TOst 
abundant  species  in  the  pinyon-juniper  woodland. 

The  Shannon-Weiner  diversity  indices  for  the  avifauna 
transects  for  1977  through  1980  are  presented  in  Table  8.5.1-1.  The  diversity 
indices  have  remained  fairly  consistent  over  the  years.  The  greatest  H,  H  max 
and  E(H)  occur  on  transect  4  while  least  of  these  occur  on  transect  1.  The 
greatest  J  (equitability)  takes  place  on  transect  2  whereas  the  least  occurs  on 
transect  1.  The  only  consistent  estimate  from  year   1977  to  1980  for  all 
transects  is  J  for  transect  4,  showing  a  slight  increase. 

Results  from  the  Hutchenson's  t-test  are  shown  in 
Table  8.5.1-2.  The  null  hypothesis  that  there  was  no  difference  in  population 
diversity  of  species  between  control  and  developmental  transects  was  tested. 
The  null  hypothesis  was  accepted  for  all  tests  showing  that  species  diversity  is 
similar  between  compared  transects. 

Trend  analysis  conducted  on  avifauna  aata  show  no  sta- 
tistical trends  for  species  or  groups  on  any  transects  over  the  years 
(1977-1980).  See  Table  8.5.1-3.   In  addition  to  the  avifauna  studies,  birds 
were  casually  monitored  through  the  year;  several  sightings  were  noteworthy. 
One,  a  belted  kingfisher,  was  seen  several  times  along  Piceance  Creek  by  the  C-b 
Tract  access  road.   In  October  there  were  large  concentrations  of  common  night- 
hawks  on  C-b  tract,  also  several  species  of  waterfowl  have  been  observed  using 
the  treatment  ponds,  including:  Canada  goose,  horned  grebe  and  mallards. 
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TABLE  8.5.1-3 


Total   Density  Values   for  Avifauna  Transects   at  C-b 
During  Spring  Sample  Period,   1977   -  1980 


Transect  Vegetation  Type 


1  Chained  P inyon-Jun iper  Rangeland 

(BHOl)  (Control) 


2  Pinyon-Juniper   Woodland 

(6H02)  (Developmental) 


3  Chained-Juniper  Rangeland 

BH03)  (Developmental) 


4  Pinyon-Juniper  Woodland 

(BH04)  (Control) 


5  Pinyon-Juniper  Rangeland  1980  2.51 

(BH05)  (Developmental -Sprinkler) 


Total 

Year 

Density/Ha 

1977 

2.82 

1978 

3.11 

1979 

3.19 

1980 

2.94 

1977 

5.34 

1978 

2.51 

1979 

2.63 

1980 

2.75 

1977 

3.51 

1978 

4.90 

1979 

3.00 

1980 

3.44 

1977 

7.4 

1978 

4.82 

1979 

3.70 

1980 

4.19 

clod 


8.5.1.5  Conclusions 

Based  on  data  collected  thus  far  on  Tract  C-b,  devel- 
opmental activities  have  not  caused  any  significant  changes  in  songbird  diversi- 
ty or  density  in  the  study  area. 

8.5.2  Upland  Gamebirds  -  Mourning  Dove  Relative  Abundance 

8.5.2.1  Scope 

The  mourning  dove  is  the  only  upland  gamebird  present 
in  sufficient  numbers  to  be  monitored.  Field  observations  during  the  baseline 
data  accumulation  program  indicated  that  sage  grouse  and  blue  grouse  populations 
are  so  sparse  on  and  near  the  Tract  that  no  reasonable  monitoring  program  for 
them  can  be  designed  to  determine  changes  over  time;  thus,  a  monitoring  program 
for  them  is  not  warranted. 

8.5.2.2  Objectives 

The  objective  was  to  monitor  the  mourning  dove  popula- 
tions to  see  if  development  of  Tract  C-b  has  affected  their  relative  abundance. 

8.5.2.3  Experimental  Design 

Methods  used  were  identical  to  those  used  for  song- 
birds. Throughout  the  year  gamebirds  observed  were  recorded  on  Wildlife  Obser- 
vation Reports. 

8.5.2.4  Method  of  Analysis 

The  data  were   analyzed    in  the    identical   manner  de- 
scribed  for   analyzing  the  relative   abundance  for  the  songbird-like  population 
parameter. 

8.5.2.5  Discussion  and  Results 

Mourning  dove  data  from  1977-1980  avifauna  transects 
ire   shown  in  Table  8.5.2-1.  The  mourning  dove  population  on  Tract  C-b,  as  else- 
where in  the  Piceance  Basin,  continues  to  show  fluctuations  in  population  size 
and  distribution  without  any  definable  patterns.  A  trend  that  may  be  starting 
to  show  is  that  rrourning  doves  seem  to  prefer  transects  located  on  the  western 
side  of  the  Tract  versus  the  eastern  side.  The  mourning  dove  population  will 
continue  to  be  monitored  closely,  especially  to  see  if  this  possible  trend 
becomes  significant. 

In  addition  to  sightings  on  the  transects,  mourning 
doves  were  observed  throughout  the  Tract  in  1980  and  a  nest  located  on  deer 
transect  BA24  nas  been  used  by  mourning  doves  for  the  past  two  years.  No  other 
gamebirds  were  observed  on  Tract  C-b  during  1980. 
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TABLE  8.5.2-1 


Mourning  Dove  Estimates  at  Tract  C-b  for  Spring  Sampling 

Periods,  1977-80 


Coefficient 

Density 

%  Relative 

Transect 

Date 
1977 

Observations 
2 

Detectabi 1 
1.0 

ity 

/Ha 
.03 

Abundance 

Chained  Pinyon-Juniper 

2.5 

(BHOl) 

1978 

1 

1.0 

.02 

0.9 

1979 

1 

1.0 

.04 

1.2 

1980 

3 

1.0 

.188 

6.4 

Pinyon-Jun  iper 

1977 

4 

1.0 

.07 

1.7 

(BH02) 

1978 

0 

- 

- 

- 

1979 

3 

.74 

.14 

5.2 

1980 

3 

.7^ 

.188 

6.84 

Chained  Pinyon-Juniper 

1977 

2 

1.0 

.03 

2.1 

(BH03) 

1978 

0 

- 

- 

- 

1979 

0 

- 

- 

- 

1980 

0 

- 

- 

- 

Pinyon-Juniper 

1977 

17 

1.0 

.29 

5.9 

(BH04) 

1978 

5 

.74 

.17 

4.2 

1979 

0 

- 

- 

- 

1980 

0 

- 

- 

- 

Sprinkler  Area 
(BH05) 


1980 
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8.5.2.6  Conclusions 

The  mourning  aove  population  is  fluctuating  froni  year 
to  year  with  no  definite  pattern.  Developmental  activities  on  Tract  C-b  do  not 
seem  to  be  affecting  the  mourning  dove  population  in  the  study  Area. 

8.5.3  Raptor  Activity 

8.5 .3.1  Scope 

Raptor  activity  was  monitored  on  Tract  C-b  on  a  con- 
tinuing basis  becuase  of  the  importance  of  raptors  in  the  food  chain,  their 
apparent  vulnerability  to  man's  activities,  their  political  value  as  threatened 
or  endangered  species,  and  their  aesthetic  appeal. 

8.5.3.2  Objectives 

The  main  objective  of  raptor  monitoring  was  to  detect 
changes  in  raptor  utilization  on  or  near  Tract  C-b. 

8.5.3.3  Experimental  Design 

Trends  in  utilization  of  tract  C-b  and  immediately 
contiguous  habitats  by  raptors  were  established  for  the  breeding  season  by  de- 
termining the  percent  of  known  nest  sites  which  were  occupied  by  nesting  pairs 
and  comparing  these  data  with  data  obtained  during  the  baseline  period  and  fol- 
lowing years.  Nest  occupancy  checks  were  made  annually  during  April  (great- 
horned  owls,  ravens,  red-tailed  hawks)  and  June  (reo-tailed  hawks,  eagles, 
great-horned  owls).  Throughout  the  year,    any  raptor  sightings  by  the  field 
biologists  within  the  study  boundary  were  recorded. 

8.5.3.4  Methods  of  Analysis 


judgement. 


Data  analysis  of  nest  occupancy  was  by  professional 
8.5.3.5  Discussion  and  Result 


Raptor  nesting  records  for  1976  through  1980  are    list- 
ed in  Table  8.5.3-1.  Only  three  raptor  nests  had  signs  of  activity  during  the 
April  1980  census.  All  these  nests  were  occupied  by  red-tailed  hawks.  A  total 
of  eight  nests  (including  the  three  active  nests  in  April)  were  found  to  be 
active  during  the  June  census  period.  Active  nesting  raptors  included:  one  pair 
of  golden  eagles,  a  pair  of  ravens,  and  six  pairs  of  red-tailed  hawks. 

In  addition  to  the  nesting  raptors,  other  raptors  ob- 
served during  1980  in  the  study  area  included:  great-horned  owl,  American 
kestrel,  common  nighthawk,  march  hawk,  Cooper's  hawk,  Swainson's  hawk,  turkey 
vulture,  and  bald  eagle. 

The  raptor  population  seems  to  be  fairly  stable  in  the 
study  area  with  seemingly  no  effect  from  the  developmental  activities  on  Tract 
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TABLE  8.5.3-1 


Raptor  Nesting  Record 


Nest  No. 

Species 

Status 

Status 

Status 

Status 

Status 

1976 

1977 

1978 

1979 

1980 

Unknown 

April   June 

April   June 

April   June 

Apri 
I 

June 

April   June 

1 

2 

Unknown 

I 

3 

Unknown 

I 

4 

Red-tailed  Hawk 

E  or  Y 

I 

5 

Unknown 

I 

5a 

Common  Raven 

E  or 

Y   I            I 

I 

6 

Golden  Eagle 

I            2Y 

E  or 

Y  I 

lY          lY 

7 

Red-tai led   Hawk 

E  or 

Y    I          £ 

or  Y     lY 

8 

Red-tailed  Hawk 

4Y 

E  or 

Y    I 

9 

Common  Raven 

I 

E            2Y 

10 

Red-tailed  Hawk 

r 

11 

Nest  Gone 

12 

Rea-tai lea  Hawk 

E           lY 

I 

13 

Red-tailed  Hawk 

E  or 

Y    I 

14 

Unknown 

I 

15 

Unknown 

I 

16 

Great  Horned  Owl 

E           2Y 

I 

17 

Great  Horned  Owl 

I 

18 

Rea-tai led  Hawk 

lY 

I(GHO) 

19 

Great  Hornea  Owl 

lY 

I 

20 

Unknown 

I 

Packrats 

21 

Not  on  map 

22 

Red-tai lea  HawK 

E  or 

Y    I 

I           2Y 

23 

Not  on  map 

24 

Red-tai led  Hawk 

I 

Packrats 

25 

Great  Horned  Owl 

I 

Packrats 

26 

Unknown 

Nest  Gone 

27 

Red-tailed  Hawk 

E  or 

Y    I 

I           I 

28 

Golden  Eagle 

lY 

I 

I           I 

29 

Unknown 

I 

I           I 

30 

Red-tai lea  Hawk 

2Y 

I 

I           I 

31 

Unknown 

I 

I        2Y  RTH 

32 

Great  Hornea  Owl 

2Y 

2Y 

I 

I            I 

33 

Unicnown 

I 

I            I 

34 

Unknown 

I 

I            I 

35 

Unknown 

I 

I            I 

36 

Red-tai led  Hawk 

2Y 

£ 

2Y 

I            I 

37 

Unknown 

I 

I            I 

38 

Raven 

E  or 

Y    Y 

I      E  or   Y 

39 

Golden  Eagle 

lY 

I 

I            I 

40 

Great  Horned  Owl 

E            2Y 

2Y 

I            I 

41 

Unknown 

Nest  Gone 

42 

Unknown 

I 

I           I 

42a 

Red-tailed  Hawk 

- 

2Y 

E  or 

Y    I(GHO) 

I           I 

43 

Great  Horned  Owl 

2Y 

I 

I           I 

44 

Unknown 

T 
i 

I 

I           I 

45 

Red-tai led  Hawk 

2Y 

E 

2Y 

I           2Y 

46 

Red-tai led  Hawk 

E           I 

E  or 

Y  r 

I            I 

47 

Unknown 

T 

i 

I 

I            I 

48 

Great  Horned  Owl 

E 

I            I 

49 

Rea-tai led  Hawk 

E 

I            I 

50 

Magpie 

I            I 

51 

Red-tailed  Hawk 

I            lY 

52 

Unknown 

I           I 

Coae: 

I  =  inactive  nest 

E  =  dduit  bird  ooserved  in  an  incuoating  posture;  presumed  to  be  incubating  eggs. 
(2)  Y  =  number  of  young  observed  in  che  nest. 
E  or  Y  -  aault  bird  ooserved  in  an  incuoating  posture;  due  co  time  of   year,  assumed  to  be 
eitner  incubating  eggs  or  brooding  '■/ery   young  cnicks. 
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C-D .  Raptor  nesting  has  varied  over  the  years  from  as  low  as  four  to  as  high 
as  fifteen  active  nests.  A  note  of  interest,  in  this  year's  results  there  were 
no  great-horned  owls  observed  nesting  in  the  area,  although  several  owls  were 
seen  on  the  Tract  during  1980.   If  great-horned  owls  are  again  absent  from  the 
1981  nesting  census,  then  a  more  intensive  monitoring  (iiay  be  initiated. 

8.5.3.6  Conclusions 

Developmental  activities  on  C-b  Tract  seems  to  be 
having  little  affect  on  raptors  nesting  in  the  study  area. 

8.6  Aquatic  Ecology 

8.6.1  Benthos 

8.6.1.1  Introduction  and  Scope 

The  benthic  macroinvertebrate  community  is  an  impor- 
tant component  of  the  stream  ecosystem.  These  organisms  process  and  convert 
organic  material  into  animal  tissue,  which  is  thereby  available  to  higher  tro- 
phic levels  such  as  insectivorous  fishes.  For  some  time,  macroinvertebrates 
have  been  recognized  as  valuable  inaicators  of  water  quality  (Kolkowitz  and 
Marsson  1909;  Hynes  1960;  Cairns  and  Dickson  1973). 

8.6.1.2  Objectives 

The  purpose  of  this  investigation  is  to  infer  water 
quality  and  bioproduct i vi ty  from  macroinvertebrate  taxa  present. 

8.6.1.3  Experimental  Design 

Benthic  macroinvertebrate  sampling  stations  located  in 
Piceance  Creek  (Figure  8.6.1-1)  dre   the  same  as  the  current  periphyton  collec- 
tion stations.  Six  collections  were  obtained  at  approximately  one  nxDntn  inter- 
vals between  May  and  October,  1980.  C.B.  staff  biologists  used  a  standard 
Surber  sampler  to  provide  three  replicates  from  each  station  per  sampling  date. 
Each  replicate  was  placed  in  a  labeled  container,  preserved  with  10  percent 
formalin  on  site,  and  mailed  to  Mariah  Associates'  Aquatics  Laboratory  in 
Laramie,  Wyoming  for  further  processing  and  analysis. 

Upon  arrival,  the  samples  are  washed  over  a  fine  mesh 
sieve  (U.S.  No.  60).  Organisms  are  separated  from  debris  and  placed  in  vials  of 
80  percent  ethyl  alcohol.   Identification  and  enumeration  are  accomplished  with 
the  aid  of  a  Bausch  and  Lomb  Stereo  Zoom  7  (5x-210x)  dissecting  microscope. 
Whole  oligochaete  and  chironomid  head  capsules  are  mounted  in  Hoyers  cleaning 
and  mounting  medium  and  identified  with  the  use  of  a  Wild  Heerbrugg  microscope 
at  a  magnification  of  200x  or  ^OOx.   Identification  of  organisms  is  based  pri- 
marily upon  Usinger  (1956),  Fdmondson  (1959),  Wiggins  (1977),  Edmunds  et_.  al  . 
(1976),  Saumann  et.  aj[.  (1977),  and  Pennak  (1978).  Organisms  are    identified  to 
the  lowest  possiFTe  taxon.  These  identifications  are   then  verified  by  Dr.  James 
Gore,  Water  Resource  Institute,  University  of  Wyoming,  Laramie,  Wyoming. 
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FIGURE  8.6.1-1 
BENTHIC  MACRO  INVERTEBRATE  AND  PERIPHYTON  SAMPLING  STATIONS 
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An  index  to  species  diversity  is  provided  for  each 
sample  location,  Tnis  index  is  based  on  the  Shannon-Weiner  function  from  tne 
field  of  information  theory  (Margalef  1967;  Lloyd  and  Ghelardi  1964;  Pielou 
1966).  As  a  diversity  index  for  community  analysis,  the  function  describes  the 
average  degree  of  uncertainty  of  predicting  the  species  of  a  given  inaividual 
picked  at  ranaom  from  the  community.  This  uncertainty  and  the  index  increase 
both  as  the  number  of  species  increases  and  as  the  individuals  dre   distributed 
more  and  more  equitably  among  species  already  present.  The  general  formula  for 
this  index  is  as  follows: 

^  =  JPi  loge  Pi 

where  p^  =  decimal  fraction  of  total  individuals  belonging  to  the 
i '^^  species. 

The  index  varies  from  a  value  of  0  for  habitats  con- 
taining a  single  species  to  values  of  four  or  five  for  communities  containing 
many  species,  each  with  a  small  number  of  individuals.  The  Shannon-Weiner 
species  diversity  index  may  be  used  to  compare  community  composition  data  from  a 
variety  of  sources.  Differences  in  diversity  may  be  expected  for  communities  at 
different  stages  of  succession,  in  different  habitats  or  at  different  times  of 
the  year.  In  this  case,  drastic  changes  in  :^acroinvertebrate  diversity  during 
project  development  could  be  indicative  of  increased  stream  seaiment  loads  or 
some  other  project-related  disruption  of  the  chemical -physical  nature  of  tne 
study  area  aquatic  systems. 

8.6.1.^  Methods  of  Analysis 

The  following  data  are  tabulated: 

1.  Species  identification 

2.  Density   (organisms/m^) 

3.  Relative   abundance 

4.  Shannon-Weiner  diversity   index 

5.  Maximum  diversity 

6.  Evenness   (a  similarity  parameter) 

7.  Analysis   of  variance 

By  comparing  seasonal  trends  from  1980  and  the  pre- 
vious years,  it  may  be  possible  to  elucidate  the  effects  of  the  project  upon  the 
benthos  of  Piceance  Creek.  Since  the  data  from  the  USHS  are  not  available  or 
are  not  in  a  form  suitable  for  comparison  at  this  time,  statistical  analyses  are 
restricted  to  the  aata  from  the  current  year. 

Analysis  of  variance  is  employed  to  determine  whether 
external  factors  had  an  unequal  influence  upon  macroinvertebrate  densities  among 
stations  auring  1980.  A  3  x  6  factorial  design  is  used  to  test  the  null 
hypothesis  that  there  are  no  significant  changes  in  macroinvertebrate  densities 
among  stations  over  time.  The  presence  of  a  significant  interaction  term  dis- 
proves this  hypothesis.  Density  values  are  logj^Q  transformed  to  reduce 
heterogeneity  of  variance  associated  with  benthos  counts.  Descriptions  of  these 
methods  are  found  in  Snedecor  and  Cochran  (1967). 
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8 . 6 . 1 . r»  Chscussion  ana  Results 

Benthic  macroinvertebrates  were  collected  at  three 
Piceance  Creek  stations  (Figure  8.6.1-1).  Descriptions  of  these  stations  are 
presented  in  Table  8.6.1-1.  A  total  of  40  taxa  were  collected  and  identified 
during  the  1980  study  period.  Species  identification,  density,  and  relative 
abunaance  are   presented  in  the  January  1981  Data  Report.  Evenness,  the  Shannon- 
Weiner  diversity  index  and  the  number  of  taxa  per  station  for  each  collection 
date  are  presented  in  Table  8.6.1-2.  Similarly,  mean  total  densities  are  pre- 
sented in  Table  8.6.1-3. 

Several  trends  in  the  1980  benthic  macroinvertebrate 
communities  are  apparent.  Samples  from  the  upper  Piceance  Creek  at  Stewart  and 
Middle  Stations  tended  to  be  more  diverse  and  to  have  a  greater  number  of  taxa 
than  did  the  ones  from  the  lower  Hunter  Station.  Oligochaeta  and  Chironomidae 
increased  while  Ephemeroptera  decreased  in  relative  abundance  from  Stewart  to 
Hunter  Stations.  Plecoptera  were  never  \/ery   abundant,  with  only  Al  loperla  and 
other  Chloroperl idae  being  found.  Although  Trichoptera  were  present  at  all  sta- 
tions, more  species  were  collected  from  Stewart  and  Middle  Stations  than  from 
Hunter  Station.  The  macroinvertebrate  community  of  Piceance  Creek  is  generally 
low  in  numoers  of  species,  and  reflects  the  harsh  physical  environment  common  to 
streams  in  the  Piceance  Basin  of  Colorado  (Gray  and  Ward  1978). 

The  results  of  the  statistical  analysis  of  benthic 
macroinvertebrate  densities  indicate  the  existence  of  a  highly  significant 
interaction  term  (P  <  0.01).  Therefore,  an  external  factor  is  having  a  dispro- 
portionate influence  among  stations  during  the  sampling  season.   In  order  to 
evaluate  whether  Tract  C-b  development  may  have  been  responsible  for  the  appar- 
ent disruption  of  the  oenthic  fauna,  the  results  of  thiis  investigation  were  com- 
pared to  previous  studies  of  Piceance  Creek.  The  1974-1976  C.B.  baseline  study 
(C-b  Shale  Oil  Venture^,  al  .  1977),  as  well  as  the  study  by  Gray  and  Ward 
(1978),  provide  site  specific  pre-development  data  which  may  be  compared  to  cur- 
rent results.  While  these  data  are  not  in  a  form  allowing  statistical  compari- 
son to  the  1980  data,  comparisons  of  general  trends  in  taxonomic  composition, 
density  and  diversity  are  possible. 

In  1980,  28  taxa  were  collected  from  Stewart  Station. 
Ephemeroptera  was  the  most  abundant  group  in  May  and  June.  Chironomidae  was  the 
dominant  family  in  August,  while  members  of  the  Haplotaxida  were  abundant  in 
early  September.  Of  the  latter  encountered,  Naididae  was  the  dominant  family 
and  Tubifex  tubifex  was  numerous.  Late  September  samples  were  dominated  by 
Ephemeroptera.  Trichoptera  were  also  abundant  and  increased  in  numbers  to  dom- 
inate the  October  samples.  At  Stewart  Station,  the  mean  relative  abundance  for 
the  dominant  1980  groups  are  Ephemeroptera  34  percent,  Oiptera  2^   percent,  and 
Oligocnaeta  13  percent.  During  the  1974  through  1976  baseline  study  in  the 
vicinity  of  Stewart  Station,  Ephemeroptera  comprised  20  percent  of  the  fauna, 
Diptera  32  percent  and  Oligochaeta  ^3  percent.  Frorr,  August  1975  to  July  1976, 
Gray  and  Ward  (1978)  found  Ephemeroptera  to  be  36  percent  of  the  fauna  at  the 
Piceance  Creek  site  just  upstream  from  Stewart  Station  .  Diptera  and 
Oligochaeta  comprised  16  percent  to  3^  percent  of  the  fauna,  respectively.  From 
August  1976  to  April  1977,  Ephenieroptera  were  30  percent  of  the  fauna,  Diptera 
12  percent  and  Oligochaeta  40  percent  (Gray  and  Ward  1978). 
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TABLE  8.6.1-2 

SHANNON-WEINER  DIVERSITY  INDEX  (J),  EVENNESS  (E) 
AND  NUMBER  OF  TAXA  (S)  OF  THE  BENTHIC  MACROINVERTEBRATE 
SAMPLES  COLLECTED  FROM  PICEANCE  CREEK, 
MAY  THROUGH  OCTOBER  1980,  TRACT  C-b 


Date 


Stewart  Station 


Middle  Station 


Hunter  Station 


May  19.  1980 

June  27,  1980 

August  1 ,  1980 

September  2, 
1980 

September  29, 
1980 

October  29, 
1980 


1.24  0.90  4 

1.57  0.63  12 

1.63  0.65  12 

1.70  0.71  11 

1.31  0.54  11 

1.98  0.73  15 


1.86  .  0.85  9  0.40  0.25  5 

0.50  0.26  7  1.72  0.75  10 

1.47  0.82  6  0.71  0.44  5 

2.51  0.85  19  1.38  0.63  9 


0.66    0.30 


1.27    0.65    7 


2.31    0.77    20     1.64    0.74    9 
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TABLE  8.6.1-3 

MEAN  DENSITIES  OF  THE  BENTHIC  MACROINVERTEBRATE  SAMPLES 
COLLECTED  FROM  PICEANCE  CREEK, 
MAY  THROUGH  OCTOBER  1980, 
TRACT  C-b  (OPG/M^) 


Date 
May  19,  1980 
June  27,  1980 
August  1,  1980 
September  2,  1980 
September  29,  1980 
October  29,  1980 


Stewart  Station 

Middle  Station 

Hunter  Station 

22.2 

74.1 

■  1851.9 

374.1 

822.2 

111.1 

400.0 

1766.7 

218.5 

1837.0 

803.7 

222.2 

1040.7 

733.3 

629.6 

588.9 

1351.9 

429.6 
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Diversity  indices  for  Stewart  Station  during  the  1980 
sampling  season  were  low  and  ranged  from  1.24  in  May  to  1.98  in  October  (Table 
8.5.1-2).  Similar  diversity  values  occurred  during  baseline  studies  (September 
1974  through  November  1975).  Gray  and  Ward  (1978)  observed  a  density  range  of 
0.84  to  3.38  between  August  1976  and  April  1977  with  a  median  of  2.84. 

In  1980,  36  taxa  were  collected  from  Middle  Station. 
Of  this  total,  Tubifex  tub  if  ex  was  collected  on  e'^ery   sainpling  date  and  was  the 
most  abundant  species  over  the  entire  sampling  period.  Haplotaxida  was  the  most 
abundant  group  auring  June  and  late  September,  while  Chironomidae  dominated  the 
June  and  October  samples.  Pi amesa  species  was  the  most  abundant  Chironomid  in 
June,  while  Orthocladius  dominated  the  dipteran  family  in  October.  Early 
September  samples  were  dominated  by  the  oligochaete  Haplotaxidae,  the 
Ephemeroptera  and  the  Diptera. 

The  mean  relative  abundance  for  the  major  groups  in 
1980  were  Oligochaeta  36  percent,  Ephemeroptera  6  percent,  and  Diptera  44  per- 
cent. Diversity  indices  for  Middle  Station  during  the  1980  sampling  season  were 
erratic  ranging  from  a  low  of  0.50  and  0.66  in  June  and  late  September  to  2.51 
in  early  September  (Table  8.6.1-2).  Diversity  at  this  station  is  directly 
influenced  by  the  irrigation  diversion  located  immediately  upstream.  The  low 
density  values  in  late  September  were  probably  the  result  of  the  complete  diver- 
sion of  water  above  the  station.  On  September  29,  1980  Middle  Station  was  a 
small  pool  of  water.  Therefore,  only  organisms  such  as  Tubifex  tubifex  which  do 
not  require  a  current  could  survive.  Since  Middle  Station  was  introduced  into 
the  sampling  program  during  the  1979  season,  coniparisons  to  previous  years  can- 
not be  made.  Macroinvertebrates  were  not  sampled  at  this  station  during  1979. 

In  1980,  22  taxa  were  collected  at  Hunter  Station.  Of 
this  total,  Tubifex  tubifex  was  found  in  all  but  the  late  September  samples. 
Haplotaxida  was  the  most  abundant  group  collected  on  every   sampling  date  except 
October.  Of  the  haplotaxida  encountered,  Limnodrilus  hoffmeisteri  was  the  most 
abundant  in  the  May  samples.  Tubifex  tubifex  was  the  dominant  species  in  June 
as  well  as  in  early  September.  Limnodrilus  hoffmeisteri,  Baet  i  s  sp.  and 
Ephemerella  inermis  were  tne  dominant  species  in  late  September.  The 
chironomids  were  the  dominant  group  in  October  with  Orthocladius  being  the  most 
numerous  genus. 

Oligochaeta  comprised  58  percent  of  the  fauna  in  1980, 
Ephemeroptera  12  percent,  and  Diptera  29  percent.  During  baseline  studies  (1974 
through  1976),  Oligochaeta  were  47  percent,  Ephemeroptera  20  percent,  and 
Diptera  29  percent  of  the  fauna  at  Hunter  Station.  The  PC-4  Station  of  Gray  and 
Ward  (1978)  was  located  near  Hunter  Station.  Oligochaeta  were  34  percent  of  the 
fauna  between  August  1975  and  July  1976,  ana  59  percent  between  August  1976  and 
April  1977.  Similarly,  the  Ephemeroptera  were  46  percent  and  10  percent,  v^hile 
the  Diptera  were  18  percent  and  27  percent. 

Diversity  indices  for  Hunter  Station  during  1980  were 
low,  ranging  from  0.40  in  May  to  1.72  in  June  (Table  8.6.1-2).  Similar  values 
were  recorded  during  baseline  studies  (1974  through  1976)  where  species  diver- 
sity indices  ranged  from  0.44  in  November  1974  to  1.82  in  July  1975.  Diversity 
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values  from  Gray  and  Ward  (1978)  ranged  from  1.10  to  3.36  with  a  median  of  1.26 
for  the  months  of  August  1976  to  April  1977. 

Taxonomic  composition  varied  only  slightly  between 
current  and  previous  studies.  Gray  and  Wara  (1978)  reported  that  density, 
diversity  and  biomass  decreased  from  upstream  to  downstream.  They  also 
attributed  the  differences  between  stations  to  the  influence  of  agriculture 
(irrigation  withdrawals),  spring-fed  tributaries  and  ground  water  inflow.  While 
fewer  taxa  and  lov^er  densities  were  found  in  1980  than  in  the  study  by  Gray  and 
Ward  (1978),  these  trends  were  probably  due  to  difference  in  sampling  year  and 
to  the  fact  that  sampling  was  not  conducted  throughout  1980.  However,  the  1980 
increase  in  the  relative  abundance  of  Oligochaeta  such  as  Tub  if ex 
tubifex  and  Limnodrilus  hoffmeister i ,  ana  Chironomid  such  as  Orthocladius 
species  and  Diamesa  species  at  Middle  and  Hunter  Stations  may  indicate  an 
increase  in  s  i Itat  ion  at  these  locations. 

8.6.2  Periphyton 

8.6.2.1  Introduction  and  Scope 

Sensitivity  of  periphyton  to  changes  in  their  environ- 
ment has  been  well  documented  (Cholnoky  1968;  Lowe  197^;  Whitton  1975;  Patrick 
1977).  Species  composition  and  relative  abundance  of  the  total  periphyton  com- 
munity and  key  periphyton  species  can  provide  good  indicators  of  potential  pro- 
ject effects  on  Tract  C-b  vicinity  aquatic  systems.  Not  only  are  periphyton 
amenable  to  sampling  techniques  which  provide  a  good  quantitative  data  base  for 
identifying  changes  quickly  and  accurately,  but  they  are  also  attached  fonrs 
which  cannot  swim  away  from  an  adverse  situation  and  return  when  conditions 
become  more  suitable  for  their  existence.  Many  algal  generation  times  are 
measured  in  hours  or  days  rather  than  months  or  years.  Thus,  the  study  of 
periphyton  communities  should  be  an  integral  part  of  every   aquatic  monitoring 
program. 

8.6.2.2  Objectives 

The  purpose  of  this  investigation  is  to  infer  changes 
in  water  quality  by  examining  algal  bioproducti vi ty. 

8.6.2.3  Experimental  Design 

The  1980  periphyton  sampling  stations  located  in 
Piceance  Creek  are  identified  on  Figure  8.6.1-1  as  WPOl  (Stewart  Gulch  near  HSGS 
Station  WU07),  WP02  (Middle  Station)  and  WP03  (Hunter  Creek  near  USGS  Station 
WU61).  Station  WPOl  was  moved  in  1977  from  a  baseline  location  of  P-1  farther 
upstream,  to  its  current  position  as  a  control  station  above  development 
impact. 

Periphyton  is  collected  from  artificial  substrates 
(glass  slides)  at  each  station  during  every   sampling  period.  The  glass  slides 
are  incubated  in  the  water  for  at  least  21  days,  inline  slides  are   collected  from 
each  station,  placed  in  individual  cytomailers  and  preserved  with  four  percent 
formalin.  Three  of  the  nine  slides  are  used  for  taxonomic  identification  and 
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enumeration,  three  for  biomass  determinations  and  three  are  extra  slides  in  case 
any  of  the  others  become  damaged.  The  cytomailers  are  sent  to  Mariah  Associ- 
ates' Aquatics  Laboratory  in  Laramie,  Wyoming.  All  field  procedures  dire 
executed  by  C.B.  personnel. 

Five  collections  were  obtained  during  the  period  of 
June  through  October  1980.  A  different  type  of  slide  holder  was  initiated  into 
the  program  on  July  2,  1980.  The  original  type  was  also  retained  in  order  to 
compare  the  results  from  both  kinds.  Nine  slides  from  each  periphytometer  were 
collected  on  August  1,  1980  and  for  the  remainder  of  the  1980  stuay  period. 
Biomass  aeterminations  and  periphyton  taxonomic  identification  and  enumeration 
were  performed  on  the  August  1,  1980  collections.  Only  biomass  determinations 
were  performed  on  the  collections  from  the  old  sampler  for  the  remainder  of  the 
year . 

Upon  arrival,  the  biomass  is  removed  from  the  slides 
with  a  razor  blade,  and  the  scrapings  placed  in  separate  crucibles  to  be  dehy- 
drated in  a  drying  oven  at  105  to  llO'C.  Samples  are  then  cooled  to  room  tem- 
perature in  a  dessicator  and  weighed  to  the  nearest  0.0001  g  (gross  dry  weight). 
After  ashing  in  a  muffle  furnace  at  450''C  for  approximately  four  hours,  the 
samples  are  rewet  upon  cooling  to  replace  their  water  of  hydration,  redried  to  a 
constant  weight  at  105  to  110°C  and  weighed  to  the  nearest  0.0001  g  (gross  ash 
weight).  Ash-free  dry  weight  is  obtained  by  subtracting  gross  ash  weight  from 
gross  dry  weight  since  the  evaporating  dish  tare  is  assumed  to  be  identical  for 
the  two  weights. 


the  following  equation 


Ash-free  dry  weight  biomass  is  calculated  according  to 


biomass  (mg/cm2)  =  Wd^JJa 


where:  Wd  =  dry  weight  plus  tare,  mg 
Wa  =  ash  weight  plus  tare,  mg 
As  =  area  scraped  from  slide,  cm2 

Algae  other  than  diatoms  are  identified  directly  from 
the  slides  with  200x  or  400x  magnification.  The  periphyton  are  then  scraped 
from  each  slide  with  a  razor  blade  and  placed  into  separate  jars.  The  contents 
of  each  jar  is  standardized  at  a  volume  of  100  ml  by  the  addition  of  distilled 
water  when  necessary,  after  which  it  is  thoroughly  mixed  in  a  blender  for  one 
minute.  A  single  1  ml  aliquot  is  removed  from  each  jar  and  diluted  to  a  known 
volume  with  distilled  water.  A  second  1  ml  aliquot  is  withdrawn  from  the 
diluted  subsample  and  placed  in  a  Sedgwick-Raf ter  counting  cell.  With  a  20x 
objective,  the  numbers  of  organisms  are  counted  in  a  minimum  of  two  lengthwise 
strips.  The  total  number  of  diatoms  is  determined  without  identification  to  the 
generic  or  species  level.  Counts  are  also  completed  for  the  remaining  individu- 
als representing  other  algal  divisions.  Colonies  and  each  50  urn  filament  sec- 
tion are  considered  as  single  units.  The  quantitative  determination  obtained 
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with  this  method  is  then  expressed  as: 

.,   „  ,  ,  ,  2    C  X  1000  mm2  X  V  X  DF 
^°-  cells/mm  =    l  x  W  x  D  x  S  x  A 

where:  C  =  number  of  cells  counted  (tally) 
V  =  sample  volume,  ml 
DF  =  dilution  factor 
L  =  length  of  strip,  mm 

W  =  width  of  a  strip  (Whipple  grid  image  width),  mm 
D  =  depth  of  a  strip  (Sedgwick-Rafter  cell  depth),  mm 
S  =  number  of  strips  counted 
A  =  area  of  substrate  scraped,  mm2  (Weber  1973) 

To  identify  a  aiatoni  species  and  its  relative  abun- 
dance within  the  diatom  flora,  10  ml  are  removed  from  the  initial  blended  sample 
and  centrifuged  at  3000  rpm  for  20  minutes.  The  supernatant  is  removed  and  the 
pellet  resuspended  in  30  percent  hydrogen  peroxide  for  a  minimum  of  three  days 
while  the  organic  matter  is  oxidized.  This  mixture  is  centrifuged  again  for  20 
minutes  and  the  pellet  resuspended  in  distilled  water.  Several  drops  of  the 
second  resulting  mixture  are  placed  with  a  disposable  pipet  onto  a  No.  1  25  mm 
sq.  cover  glass.  The  sample  is  dried  on  a  hot  plate  at  95°C.  As  soon  as  the 
sample  is  dry,  the  temperature  of  the  hot  plate  is  increased  to  570°C  in  order 
to  drive  off  all  remaining  organic  matter.  A  labeled  microscope  slide  is  placed 
on  a  moderately  warm  hot  plate,  and  a  drop  of  Hyrax  Mounting  Medium  added  to  the 
center  of  the  slide.  The  cover  glass  is  then  placed  face-down  on  the  drop  of 
Hyrax.  After  the  toluene  evaporates  from  the  Hyrax,  the  slide  is  removed  from 
the  hot  plate  and  allowed  to  cool.  Identification  and  relative  abundance  of 
diatoms  is  then  determined  with  the  use  of  an  oil  immersion  objective.  Counting 
is  stopped  when  a  minimum  of  100  individuals  of  the  most  common  diatom  is 
attained.  The  total  number  of  diatoms  as  well  as  the  number  of  each  diatom 
species  is  used  to  calculate  relative  abundance.  The  percent  composition  of 
every   diatom  species  is  multiplied  by  the  total  diatom  density  determined  in  the 
Sedgwick-Rafter  count  to  yield  the  density  of  each  of  these  species  (Weber 
1973).  Computerized  data  analysis  is  used  to  demonstrate  taxonomic  composition, 
and  to  calculate  density,  evenness  and  the  Shannon-Weiner  diversity  index. 

8.6.2.4  Method  of  Analysis 

The  following  data  are  tabulated: 

1.  Species   identification 

2.  Total    taxa  by  sample   and   station 

3.  Density  (organisms/mm^) 

4.  Relative   abundance 

5.  Shannon-Weiner  diversity   index 

6.  Analysis   of  variance 

7.  Maximum   index 

8.  Evenness 

9.  Siomass  (mg/cm2)  per  sample 

The  Shannon-Weiner  index  along  with  the  actual  num- 
ber of  species  observed  is  the  most  useful  measure  of  diversity  (Hutchinson 
1975).  The  relative  abundance  of  certain  indicator  species  may  disclose  the 
potential  impact  of  oil  shale  development  on  the  periphyton  community.   In  this 
analysis,  the  following  hypotheses  are  tested: 

Hq  =  iNo  significant  change  exists  in  the  periphyton  communities  over  time. 
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Hq  =  No  significant  difference  exists  in  the  periphyton  communities  at  the 
control  station  vs.  the  development  stations  from  baseline  data,  recog- 
nizing the  differences  during  baseline. 

Analysis  of  variance  is  used  to  analyze  biomass  and 
peripnyton  abundance.  The  data  dre   logj^Q  transfornied  to  reauce  inequality 
of  variance  within  samples.   In  many  cases,  especially  with  biological  data, 
without  a  transformation  there  is  too  much  within  sample  variability  which  leads 
to  a  loss  of  power  to  test  various  hypotheses.  Bartlett's  test  of  inequality  of 
variance  is  used  to  determine  'whether  the  transformation  is  successful.  A  fac- 
torial design  (Snedecor  and  Cochran  1967;  Weber  1974)  is  used  to  detect  any 
impact  possibly  caused  by  oil  shale  development.  Although  the  factorial  analy- 
sis of  variance  is  able  to  detect  changes  even  though  differences  existed  before 
any  developmental  impact,  it  is  unable  to  separate  two  different  impacts. 
Therefore,  a  significant  difference  is  based  on  statistical  analysis  and  pro- 
fessional judgment.  When  a  significant  difference  is  determined  to  exist,  the 
water  collected  on  the  particular  sampling  date  is  analyzed  for  selected  chem- 
ical and  physical  parameters. 

Since  a  second  type  of  periphytonieter  was  used  in  the 
aquatic  program  as  of  July  2,  1980,  comparisons  of  each  type  were  conducted  for 
the  remainder  of  the  sampling  season.  On  tne  first  sampling  aate  following  the 
initiation  of  the  new  type,  comparisons  of  biomass,  density  and  relative  abun- 
dance from  the  two  types  were  perforriied.  The  major  difference  between  them  was 
in  the  amount  of  accumulated  biomass.  Therefore,  this  parameter  was  used  for 
comparison  of  the  two  per iphytometers  for  the  rest  of  the  1980  season.  A  2x3x3 
factorial  design  was  used  to  detect  differences  between  the  two  biomass  sam- 
plers. Methods  of  analysis  Are   described  in  Snedecor  and  Cochran  (1967). 

8.6.2.5  Discussion  and  Results 

A  total  of  1^8  taxa  were  identified  from  Stewart, 
Middle  and  Hunter  Stations  in  Piceance  Creek  from  artificial  substrate  (glass 
slides)  samples  collected  during  June,  August,  September,  and  October,  1980  (See 
January  1981  Data  Report).  This  total  comprised  of  117  diatoms  (Bacillario- 
phyta),  19  green  algae  (Chlorophyta) ,  1  yellow-brown  alga  (Chrysophyta) ,  7  blue- 
green  algae  (Cyanophyta) ,  3  euglenoids  (Euglenophyta) ,  and  1  red  alga  (Rhodo- 
phyta).  Lists  of  the  taxa  observed  according  to  their  rrionths  and  locations  of 
occurrence  and  dominance  during  the  study  and  species  diversity  and  biomass  data 
for  1980  are  provided  in  the  January  1981  Data  Report. 

On  July  2,  1980  a  different  type  of  periphytometer  was 
initiated  into  the  aquatic  monitoring  program.  Since  the  new  sampler  can  sur- 
vive the  fluctuating  conditions  of  Piceance  Creek  better  than  the  type  used  in 
previous  years,  the  latter  will  eventually  be  phased  out  of  the  program.  On  the 
first  collection  date  following  the  introduction  of  the  second  periphytometer, 
glass  slides  for  taxonomic  identification  and  enumeration,  and  for  biomass 
determinations  were  collected  from  each  type  of  sampler.  Although  differences 
in  density  and  biomass  were  apparent,  the  relative  abundance  of  diatom  species 
from  the  two  samplers  was  similar  (Table  8.6.2-1).  Therefore,  biomass  was 
selected  as  the  parameter  which  could  best  delineate  the  differences  between  the 
two  periphytometers .  The  biomass  from  each  type  was  compared  on  August  1, 
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September  29,  and  October  29,  1980.  A  significant  (P  <  0.01)  difference  was 
found,  with  the  new  sampler  yielding  an  average  of  26.2  percent  more  biomass 
than  the  old  one.  On  this  basis,  data  collected  with  the  old  type  in  past  san;- 
pling  years  can  be  converted  to  equivalent  new  type  values  by  employing  a  multi- 
plication factor  of  1.362.  Since  a  comparison  of  only  three  collection  dates 
may  not  be  adequate,  both  per iphytometers  should  be  used  during  the  1981  study 
period. 

Since  the  new  per iphytometer  was  not  in  use  curing 
June  1960,  comparisons  of  densities  from  this  month  to  the  values  from  other 
dates  are  not  possible.  Tne  aensities  from  the  remaining  collection  dates  were 
ODtained  from  glass  slides  incubated  on  the  new  sampler.  Therefore,  density 
comparisons  are  restricted  to  these  dates.  Periphyton  density  variations  did 
not  occur  during  the  1980  study  period.  Maxima  for  Stewart  and  Miadle  Stations 
occurred  in  August  and  October.  Maxima  for  Hunter  Station  occurred  in  early 
September  and  October.  Similar  maxima  densities  for  Stewart  and  Hunter  Stations 
occurred  on  September  29,  1980.  A  relatively  high  density  also  existed  at 
Middle  Station  on  that  date.  Stewart  and  Hunter  Stations  had  similar  surface 
flows  of  1.5  ft. /sec.  and  1.0  ft. /sec,  respectively,  but  just  above  flidale 
Station,  Piceance  Creek  was  completely  diverted  for  irrigation  five  days  prior 
to  the  September  29,  1980  sampling.  At  this  time.  Middle  Station  was  a  small 
pool  with  a  depth  of  four  to  five  inches.  Since  the  scouring  effect  of  the 
current  was  removed,  periphyton  attained  higher  densities  en  the  qlass  slides. 
Achnanthes  minut  issima  and  Cocconeis  pi acentui a  were  the  dominant  algae  present. 
These  two  diatoms  are  commonly  found  in  streams  and  rivers  but  reach  maximum 
populations  in  littoral  periphyton  found  at  the  bottom  of  pools  for  example 
(Brown  and  Austin  1973).  Increased  density  at  all  stations  on  October  29,  1980 
was  probably  due  to  the  fall  maximum  of  diatoms  which  typically  dominate  the 
winter  flora  of  the  streams  (Hynes  1970). 

Throughout  the  six  month  study  period,  diatoms  numeri- 
cally dominated  the  periphyton  communities  accounting  for  89  percent  to  99.98 
percent  of  the  total  relative  abundance  of  all  algae.  Seasonal  variation  in 
algal  relative  abundance  is  apparent.  While  Navicula  and  Nitzschia  species  were 
the  dominant  genera  present  at  all  stations  in  June  and  August  1980,  Achnanthes 
species  were  dominant  forms  at  all  stations  from  September  through  October  19P0. 
Nitzschia  d  issipata  was  a  dominant  alga  at  Stewart  and  Hunter  Stations  but  not 
at  Middle  Station  on  September  2,  1985.  Cocconeis  placentula  and  Achnanthes 
minutissima  were  codominants  at  Middle  Station  on  this  date.  On  September  29, 
1980  the  diatom  flora  was  comprised  primarily  of  Achnanthes  sp.  and  Cocconeis 
sp.  at  all  three  stations.  Navicula  species  which  were  dominant  early  in  the 
study  period  began  to  reestablish  their  importance  in  the  algal  communities  on 
October  29,  1980. 

Based  on  comparison  of  1980  sampling  results  to  per- 
iphyton analysis  of  previous  years  (1978  C-b  Annual  Report;  and  1979  C.B. 
Annual  Report)  annual  variations  also  seein  to  be  occurring  in  Piceance  Creek. 
Achnanthes  species  dominated  the  periphyton  in  all  samples  collected  in  1979. 
Seasonal  variations  in  dominance  were  noted  for  Cocconeis  placentula,  Fraqi lar ia 
vaucher  iae,  Nitzschi  a  species,  and  Gomphonema  species  in  1979.  Seasonal  varia- 
tions  for  1978  were  similar  to  the  trends  in  1980.  However,  return  to  dominance 
of  the  Navicul a  species  in  1978  was  not  observed. 
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Periphyton  analysis  data  for  1974-1976  is  qualitative 
only  (C-b  Shale  Oil  Venture  et_.  a_l_.  1977).  No  information  is  available  for  com- 
parison of  relative  abundance  and  dominance.  Since  Middle  Station  was  intro- 
duced into  the  monitoring  program  in  1979,  a  comparison  of  the  three  stations 
can  only  be  conducted  between  1979  and  1980.  Stewart  and  Hunter  Stations  can  be 
compared  from  1977  to  1980. 

In  the  vicinity  of  Stewart  Station,  there  appears  to 
be  considerable  annual  variation  in  the  periphyton  community. 

In  the  late  spring  1980,  Mavicula  viridula,  Navicula 
secreta  yar  .   apiculata,  Nitzschia  fonticula,  Nitzschia  palea  and  Surirel la  ovata 
were  the  dominant  taxa;  while  in  19  79,  Achnanthes  minutissima,  Navicula  viridula 
and  Ni tzschi  a  species  were  dominant.  The  1978  dominant  forms  were  Achnanthes 
minutiss ima,  Navicula  secreta  var,  apicul ata,  Nitzschia  acicularis  and  Ni tzschi  a 
species. 

Dominant  taxa  in  the  summer  of  1980  were  Achnanthes 
1 anceolata  var .  dubi  a,  Achnanthes  minuti  ssima,  Cocconeis  placentula,  Navicula 
secreta  var.  apiculata,  Navicula  viridula,  Nitzschia  dissipata  and  Nitzschi  a 
frustulum.  The  same  taxa  were  dominant  in  the  summers  of  1978  and  1979  except 
the  Nitzschia  species  which  were  not  identified  oelow  the  generic  level. 

In  the  fall  1980,  the  same  algae  were  dominant  as  in 
the  summer  with  the  exception  of  Nitzschia  frustulum  which  decreased  in  impor- 
tance. Gomphomena  olivaceum  became  an  important  species  on  October  29,  1980. 
It  is  usually  considered  a  winter  form  (Hynes  1970).   In  1978  and  1979,  the 
dominant  algae  were  Achnanthes  lanceol ata,  Achnanthes  mi  nutissima  and  Cocconeis 
pi acentul a.  These  organisms  are   typically  the  first  algae  to  colonize  glass 
slides  (Cholnoky  1968)  which  may  be  an  indication  that  the  artificial  substrates 
were  not  incubated  long  enough  in  the  fall  of  1978  and  1979  or  that  severe 
scouring  occurred.  Dominant  diatoms  of  1977  were  similar  to  the  flora  observed 
in  1980.  The  chantrans i a-phase  of  Batrachospermum  was  observed  at  Stewart 
Station  in  October  1980.  This  alga  grows  only  in  or  near  springs  (Ward  and 
Dufford  1979).  Since  Middle  Station  was  initiated  in  1979,  only  comparisons  of 
that  year  and  1980  are  possible. 

In  the  summer  of  1980,  Navicula  secreta  var. 
apiculata,  Navicula  viridula,  Nitzschia  acicularis,  Nitzschia  holsatica, 
Ni tzsch  i  a  palea  and  the  palmella  stage  of  a  green  alga  comprised  the  majority  of 
the  algae  present  at  Middle  Station.  Achnanthes  lanceolata,  Achnanthes 
minuti  ssima,  Gomphonema  parvulum,  Navicula  viridula,  Nitzschia  species  and 
Cladopnora  species  were  the  dominant  flora  in  1979.  Cladophora  species  was 
present  in  1980,  but  not  in  the  same  numbers  as  in  1979. 

The  dominant  algae  during  September  of  1979  and  1980 
were  Achnanthes  lanceolata,  Achnanthes  minutissima  and  Cocconeis  placentula. 
This  flora  may  again  indicate  that  the  glass  si  ides  were  not  incubated  long 
enough  in  the  creek  or  that  severe  scouring  occurred  prior  to  their  collection. 
Also,  environmental  conditions  at  Middle  Station  on  September  29,  1980  were 
conducive  to  the  establishment  of  a  pono  flora.  These  algae  reach  their  maximum 
development  in  littoral  habitats. 
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The  October  1979  flora  was  similar  to  the  periphytic 
community  of  September  1979.  However,  Navicula  secreta  var.  apiculata  and 
Navicu! a  viridula  increased  in  numbers  between  the  two  monthsT  The  October  1980 
dominant  algae  were  Achnanthes  minutissima,  Cymbel la  minuta  var.  si lesi  aca, 
Navicula  cryptocepha!  a  '^ar.   veneta,  Navicula  secreta  var.  apicul  ata  and  Navicula 
viridula. 

In  the  vicinity  of  Hunter  Station,  some  annual  and 
seasonal  variation  was  apparent. 

In  late  June  1980,  Navicula  vir ioula,  Navicula  secreta 
var.  apiculata,  Nitzschia  holsatica  and  Nitzschia  palea  dominated  the  periphyton 
community.  The  early  July  1979  flora  was  comprised  rriainly  of  Navicula  viridula, 
Gomphonema  parvulum  and  Nitzschia  species.  The  June  1978  algal  dominants  were 
Achnanthes  lanceolata  var.  dubfaT  Achnanthes  minutissima,  Navicula  viridula, 
Ni  tzschi  a  acicularis,  Nitzschi"a~palea  and  Nitzschia  spTci  es  . 

The  1980  summer  flora  dominants  included  Achnanthes 
minutissima,  Navicul a  secreta  var.  apiculata,  Navicul a  viridula  and  Nitzschia 
dissipata.  The  1979  algal  community  was  similar  in  composition.  However, 
Achnanth"es  1  anceol  ata  var  .  dubi  a,  Achnanthes  minuti  ssima,  Cocconei  s  pediculus 
and  Cocconeis  placentula  comprised  73  percent  of  the  periphyton  in  1973. 

The  Hunter  Station  fall  periphyton  communities  for 
1977,  1978,  1979  and  1980  were  similar.  Achnanthes  lanceolata  var.  dubi a, 
Achnanthes  minutissima,  Cocconei  s  pediculus,  Cocconeis  placentul a,  Navicul a 
secreta  var.  apiculata  and  Navicula  viridula  were  the  dominant  species. 

Most  of  the  taxa  observed  during  the  seven  year  study 
of  Piceance  Creek  were  algae  with  similar  environmental  requirements.  These 
taxa  dre   common  in  this  region  and  characteristic  of  alKaline  waters  (pH  greater 
than  seven)  with  hiqh  dissolved  oxygen,  relatively  hign  inorganic  material  con- 
centrations and  medium  organic  load  where  oxidation  is  proceeding  (Cholnoky 
1968;  Lowe  1974).  Most  of  the  taxa  recorded  as  abundant  are  considered  to  be 
cold  water  forms. 

Differences  in  sampling  techniaues  and  levels  of  tax- 
onomic  expertise  may  have  been  responsible  for  some  of  the  variation  observed 
over  the  years.  In  addition,  the  glass  slide  incubation  time  may  not  have  been 
long  enough  on  some  sampling  dates.  As  a  result,  the  flora  collected  on  these 
dates  may  have  been  in  the  phase  of  accumulation  rather  than  the  more  stable 
phase  of  reconstruction  (Hutchinson  1975).  The  organisms  which  are  flat  and  can 
attach  themselves  directly  to  the  substrate  are  usually  the  first  to  colonize 
glass  slides.  Examples  include  Achnanthes  lanceolata,  Achnanthes  minutissima, 
Cocconeis  pediculus  and  Cocconeis  placentu1~  Stalk  and  tube-forming  a i atoms 
occur  curing  the  reconsiruction  phase.  Cymbel 1  a  species,  Gomphonena  species  and 
Navicula  viridula  are  examples  of  these  organisms.  Also,  the  annual  differences 
have  been  due  to  a  combination  of  environmental  factors  such  as  light  (turbid- 
ity), temperature,  flow  rate,  nutrients  and  pH.  Any  or  all  of  these  factors  rray 
vary  on  an  annual  basis  irregardless  of  man-made  perturbations. 

Analysis  of  variance  was  used  to  test  for  significant 


da":. 


differences  (P  =  0.01  level)  in  total  periphyton  aensities.  All  stations  were 
significantly  different  from  each  other,  as  were  all  sampling  data  with  the 
exception  of  August  and  October  1980.  Statistical  analysis  indicates  the 
existence  of  a  highly  significant  interaction  term  (P>  0.01)  which  implies  that 
an  external  factor(s)  is  having  a  disproportionate  influence  among  stations. 

No  seasonal  trends  were  apparent  in  the  1980  ash-free 
dry  weight  oiomass  productivity.   In  1975,  1976,  1977,  1979  and  1980  biomass 
productivity  tended  to  be  higher  at  Stewart  Station  than  at  Hunter  Station, 
while  in  1978  the  reverse  was  true.   In  1979,  Middle  Station's  biomass 
productivity  was  generally  higher  than  that  of  Hunter  Station,  and  Stewart  and 
Middle  Stations  alternated  positions  throughout  1979.   In  1980,  biomass 
productivity  of  Middle  Station  tended  to  be  higher  than  at  the  other  two 
stations  (Table  8.6.2-2). 

Statistical  comparisons  of  1980  periphyton  biomass 
between  stations  and  months  were  accomplished  using  analysis  of  variance  at  the 
P  =  0.01  level.  Since  the  algal  densities  were  obtained  from  the  new 
periphytometer  August  through  October  1980,  the  biomass  data  from  this  substrate 
holder  was  used  for  comparison.  Each  month  was  significantly  different  than  the 
others.  Stewart  Station  was  significantly  different  than  Middle  Station  which 
was  likewise  different  than  Hunter  Station.  However,  Stewart  Station  was  not 
significantly  different  than  the  latter. 

Statistical  comparisons  of  total  species  between  sta- 
tions and  months  in  1980  were  accomplished  using  analysis  of  variance  at  the 
P  =  0.01  level.  No  significant  difference  was  found  between  stations.  August 
was  significantly  different  than  the  other  months  which  were  statistically  simi- 
lar. August  also  had  more  species  of  green  algae  (Chlorophyta) ,  blue-green 
algae  (Cyanophyta)  and  euglenoids  (Euglenophyta) .  The  maximum  development  of 
these  algae  occurs  during  the  summer  (Hynes  1970). 

Species  diversity  values  for  1980  are  summarized  in 
Table  8.6.2-3.  Diversities  at  Stewart  and  Middle  Stations  were  highest  during 
the  summer,  but  at  Hunter  Station  they  were  highest  in  the  early  fall.   In  1979, 
highest  values  occurred  during  summer  months  and  the  lowest  in  the  fall.  Diver- 
sity values  in  1978  decreased  steadily  at  Stewart  and  Hunter  Stations  between 
May  and  July  but  increased  in  August.  Lowest  values  for  both  stations  occurred 
in  the  fall.  The  extremely  low  density  values  recorded  in  1978,  1979,  and  1980 
occurred  when  Achnanthes  species  and  Cocconeis  species  dominatea  the  periphyton. 
These  genera  dive   early  colonizers  of  glass  si  ides .  Species  diversity  values  are 
usually  low  during  the  earliest  stages  of  colonization  (Hutchinson  1975). 

Since  a  multituae  of  factors  such  as  irrigation,  cat- 
tle grazing,  springs  and  C.B,  water  discharge  affect  Piceance  Creek  between  sta- 
tions (Gray  and  Ward  1978;  Martinson  1980),  professional  judgment  must  be  em- 
ployed to  decide  whether  further  water  analysis  may  be  necessary.  Since  signif- 
icant differences  existed  among  stations  in  August  1980,  analyses  of  selected 
parameters  were  performed  on  the  water  samples.  Sulfate  levels  were  slightly 
above  the  mean  concentration  expected  at  Hunter  Station,  but  still  well  within 
the  baseline  ranges  (personal  communication,  Fred  Noble,  C.B.  staff  biologist). 
Therefore,  the  differences  between  the  stations  were  compared  to  the  August 
data.  Since  tiie  combined  magnitude  of  the  differences  in  density,  number  of 
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TABLE  8.6.2-2 

SUMMARY  OF  MEAN  BIGMASS  (MG/CM^)  EXPRESSED  AS  ASH-FREE 
DRY  WEIGHT  FOR  PERIPHYTON  COLLECTED  AT  STEWART,  MIDDLE,  AND 
HUNTER  STATIONS,  PICEANCE  CREEK,  1980 


Old-Style  Periphytorreter 


Sample  Date 

Stewart  Station 

Midd' 

le  Stat 

ion 

Hunter  Station 

August  1,   1980 

0.80 

0.84 

0.68 

September  29,  1980 

0.11 

0.49 

0.21 

October  29,  1980 

0.30 

0.73 

0.42 

New-Style  Pe 

riphytometar 

Sample  Date 

Stewart  Station 

Middle  Stat 

ion 

Hunter  Station 

August  1 ,   1980 

0.85 

» 

1.54 

0.86 

September  2,   1980 

0.41 

0.43 

0.57 

September  29,   1980 

0.18 

0.38 

0.03 

October  29,   1980 

0.43 

1.21 

0.72 
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TABLE  8.6.2-3 

SUMMARY  OF  SPECIES  DIVERSITY  OF  THE  MEAN  FOR  PERIPHYTON 
COLLECTED  AT  STEWART,  MIDDLE,  AND  HUNTER  STATIONS, 
PICEANCE  CREEK,  1980 


Sample  Date 

June  27,  1980 

(old-style 
periphytoreter) 

August  1 ,  1980 

(old-style 

periphytometer) 

August  1 ,  1980 

(new-style 
periphytometer) 

September  2,   1980 

(nev/- style 
periphytorreter) 

September  29,  1980 

(nev/- style 
periphytometer) 

October  29,  1930 

(new-style 
periphytometer) 


Stewart  Station 


2.275 


2.705 


2.497 


1.903 


1.771 


1.996 


Middle  Station 


2.833 


2.559 


2.398 


1.764 


1.571 


2.434 


Hunter  Station 


1.553 


1.823 


1.520 


1.959 


1.915 


1.345 
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species  and  biomass  were  never  greater  than  the  August  differences,  no  further 
water  analysis  was  performed. 

8.6.2.6  Conclusions 

Comparisons  of  the  1980  benthic  macroinvertebrates  and 
periphytic  algae  from  Stewart,  Middle  and  Hunter  Stations  in  Piceance  Creek 
reveal  apparent  and  significant  differences  between  these  communities.  However, 
the  current  differences  are  similar  to  the  ones  observed  among  these  stations 
prior  to  oil  shale  development.  In  addition,  composition  of  the  flora  has 
remained  fairly  constant  over  the  years.  If  project  development  were  affecting 
the  chemical  composition  of  Piceance  Creek,  these  changes  should  have  been 
reflected  by  variations  in  algal  species  composition  and  in  the  relative  abun- 
dance of  certain  indicator  organisms. 

Since  the  periphyton  were  grown  on  glass  slides, 
increases  in  abrasive  suspended  material  would  have  had  the  tendency  to  maintain 
the  flora  in  early  colonization  stages.  This  phenomenon  occurred  several  times 
during  the  1980  sampling  period.  Another  possible  explanation  could  be  insuffi- 
cient incubation  of  the  slides  in  the  creek  which  prevents  the  development  of  a 
mature  periphyton  community.  The  latter  is  probably  the  reason  for  the  occur- 
rence since  flora  representing  early  colonization  were  noted  in  the  collections 
of  previous  years. 

Benthic  macroinvertebrate  taxonomic  composition  varied 
only  slightly  between  current  and  previous  study  periods.  The  1980  increase  in 
relative  abundance  of  oligochaetes  and  chironomids  at  Middle  and  Stewart  Sta- 
tions indicates  the  occurrence  of  increased  siltation  at  these  locations.  Many 
factors  present  in  the  Piceance  Creek  watershed  could  have  contributed  to  this 
phenomenon.  Even  if  oil  shale  development  were  affecting  the  fauna  of  this 
creek,  stronger  influences  are  probably  masking  its  effects.  The  major  man-made 
perturbation  seems  to  be  irrigation.  Gray  and  Ward  (1978)  attributed  the  varia- 
bility in  fauna  throughout  the  Piceance  Basin  to  the  influences  of  irrigation 
withdrawals,  cattle  grazing,  spring-fed  tributaries  and  ground  water  inflow. 

8.7  Terrestrial  Studies 

The  terrestrial  studies  portion  of  the  Environmental  Baseline  Program 
was  designed  to  describe  the  predevelopment  biological  environment  within  the 
C-b  study  area  and  to  provide  baseline  data  to  be  used  in  monitoring  changes  in 
the  biota  as  a  result  of  oil  shale  development.  Baseline  parameters  were  se- 
lected for  their  usefulness  in  describing  the  existing  environment  on  Tract  C-b. 
Development  monitoring  parameters  were  judged  to  be  useful  because  of  their 
measurabi lity  or  relatively  low  natural  variability,  and/or  sensitivity  to  ex- 
pected environmental  perturbations. 

8.7.1  Vegetation  Community  Structure  and  Composition 

8.7.1.1  Scope 

The  vegetation  community  structure  and  composition 
studies  evaluate  major  changes  in  the  make-up  of  the  major  plant  communities  on 
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the  Tract.  Other  vegetation  monitoring  programs  provide  a  better  means  for 
statistically  evaluating  changes.  The  structural  and  compositional  studies  are 
better  usea  for  evaluating  general  vegetative  trends.  These  studies  are  center- 
ed on  the  six  intensive  study  sites  established  during  1974  and  sampled  on  a 
three-year  rotational  basis.  Chained  pinyon-juniper  rangeland  Plots  1  and  2 
(BJOl,  BJU,  BJ02  and  6J12)  were  sampled  in  1978,  pinyon-juniper  woodland  Plots 
5  and  6  (BJU5,  BJ15,  BJ06  and  BJ16)  were  sampled  in  1979,  and  sagebrush  Plots  3 
and  4  (BJ03,  BJ13,  BJ04  and  BJ14)  were  sampled  in  1980.  The  sequence  will  be 
repeated  beginning  in  1981. 

8.7.1.2  Objectives 

The  objective  of  the  community  structure  and  composi- 
tion studies  is  to  obtain  long-term  data  from  permanently  located  sampling  quad- 
rats to  evaluate  differences  in  numerous  species  with  respect  to  long-term 
trends.  The  proauctivity  studies,  discussed  later,  focus  on  monitoring  a 
process;  the  structure  and  composition  studies  focus  on  performances  of  species 
within  the  major  vegetation  types. 

8.7.1.3  Experimental  Design 

The  community  structure  and  composition  studies  are 
conducted  at  the  six  intensive  study  plots.  Two  are  located  in  the  pinyon- 
juniper  woodland  type,  two  in  the  chained  rangeland  type  and  one  each  in  the 
bottomlana  sagebrush  and  upland  sagebrush  types.  At  each  location  a  grid  of  25 
1.0  nr   quadrats  has  been  established  in  a  permanently  fenced  and  in  an  adjoin- 
ing open  area  (a  grid  in  each  for  a  total  of  50  quadrats  for  each  site).  Obser- 
vations on  the  herb  and  ground-layer  components  are  made  in  the  1.0  m^  quad- 
rats. 

Shrubs  dire   sampled  along  line-strip  transects.  The 
center  posts  marking  the  herb  quadrats  serve  as  end  points  of  the  transects, 
thus  producing  a  total  of  20  line-strips  per  grid.  The  herb  quadrats  are  estab- 
lished on  10-meter  centers.  The  line-strips  are  10  meters  long  and  4  meters 
wiae.  Shrub  cover  estimates  are  obtained  using  a  10-meter  line  intercept  lo- 
cated in  the  center  of  the  line-strip.  Density  estimates  are  obtained  by   count- 
ing the  number  of  individuals  of  each  species  within  the  line-strip.   Individu- 
als are  recorded  on  the  basis  of  height  classes  so  that  it  is  possible  to  obtain 
measures  of  population  structure. 

In  the  woodland  plots  canopy  cover  for  tree  species  is 
recorded  along  the  same  10-meter  line  intercept  used  for  estimating  shrub  cover. 
All  of  the  trees  within  the  area  defined  by  the  herb  quaarat  grid  (^0  meters  by 
40  meters)  have  been  tagged  and  numbered.  Changes  in  tree  diameter  are  evalu- 
ated by   repeated  measurement  of  these  trees. 

In  addition  to  the  six  intensive  study  sites,  a  sev- 
enth site  was  added  in  1980.  This  plot  is  located  in  the  chained  rangeland  type 
within  tne  area  which  will  be  irrigated.  This  plot  was  sampled  in  1980  and  will 
be  sampled  in  conjunction  with  the  other  chained  rangeland  sites  as  long  as  the 
irrigation  program  continues. 
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The  parameters  being  monitored  in  this  study  include: 
Cover  and  frequency  for  herbaceous  species;  cover,  frequency  and  density  for 
shrubs;  and  diameter  and  canopy  cover  for  tree  species. 

8.7.1.4  Method  of  Analysis 

Data  from  the  community  structure  and  composition 
studies  are  mainly  being  evaluated  through  use  of  trena  analysis.  Total  vegeta- 
tion composition  changes  dre   being  evaluated  by  examining  trends  in  similarity 
indices. 

8.7.1.5  Discussion  and  Results 

Monitoring  vegetation  changes  through  the  use  of  per- 
manent quadrats  has  several  advantages.  By  repeated  sampling  of  identical  areas 
most  of  the  variability  caused  by  sample  quadrat  location  can  be  eliminated. 
Also,  if  desired,  it  is  possible  to  evaluate  changes  within  each  of  the  quad- 
rats. Even  though  the  use  of  permanent  quadrats  reduces  sampling  error,  two 
sources  of  error  remain.   In  visual  estimation  of  species  cover,  it  is  yery   dif- 
ficult to  be  totally  consistent  from  year  to  year,  even  if  the  data  dre   recorded 
by  the  same  observer.  Also,  difficulties  in  species  recognition  constitute  a 
source  of  error  which  is  difficult  to  eliminate.  This  is  especially  true  for 
grass  species  in  vegetative  condition.  Species  recognition  problems  are   mani- 
fested in  both  cover  and  freqency  data.  Visual  estimates  affect  only  the  cover 
data. 

The  vegetation  of  the  upland  sagebrush  type  is  char- 
acterized by  big  sagebrush  (Artemisia  tridentata)  and  numerous  species  of  per- 
ennial grasses.  The  type  occurs  pnmari  ly  on  upland  sites  where  the  soils  tena 
to  be  deeper  than  on  those  sites  which  support  pinyon-juniper  wooa lands.  At 
Plot  3-0  (BJ13)  the  major  species  are  western  wheatgrass  (Agropyron  smi thi  i ) 
(100  percent  frequency;  6.1  percent  mean  cover);  prairie  junegrass  (Koeler ia 
raci 1  is)  (100  percent  frequency;  2.9  percent  cover);  neeale-ana-thread  grass 
Stipa  comata)  (80  percent  frequency;  2.2  percent  cover);  mutton  grass  (Poa 
fend leri ana)  (100  percent  frequency;  1.5  percent  cover),  and  Hood's  phlox  (Phlox 
hoodii)  (100  percent  frequency;  2.2  percent  cover).  Collectively,  these  species 
account  for  72.5  percent  of  the  total  herb  layer  cover  at  Plot  3-0  (Table 
A8.7.1-1).  Total  herb  layer  cover  was  only  17  percent.  Thirty  species  were  en- 
countered in  the  herb  layer  sample.  Of  these,  seven  were  encountered  in  eyery 
quadrat.  Total  species  density  was  16.2  species  per  square  meter. 

Species  composition  at  Plot  BJ13  has  changed  little 
over  the  past  six  growing  seasons  (Table  A8.7.1-2).  The  major  differences  which 
can  be  seen  relate  to  uncertainty  in  identification  of  certain  species  groups. 
Perennial  grasses  including  mutton  grass,  needle-and-thread  grass,  and  a  species 
whicn  has  been  called  Festuca  brachyphylla  in  1975  and  1976  (probably  F. 
idahoensis)  have  been  vegetatively  confused.  Frequency  for  needle-ana-thread 
grass  was  8  percent  in  1975,  ^-  percent  in  1976  and  80  percent  in  1980,  while 
frequency  for  Festuca  brachyphyl 1  a  was  64  percent  in  1975,  96  percent  in  1976 
ana  zero  percent  in  1980.  Mutton  grass  frequency  values  went  from  6^  percent  in 
1975  to  zero  in  1975,  and  to  100  percent  in  1980.  Under  dry,  vegetative  condi- 
tions these  three  species  have  been  confused  and  the  fluctuations  in  frequency 
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relate  to  identification  errors,  rather  than  dramatic  changes  in  the  populations 
of  these  perennial  species.  A  similar  situation  exists  with  the  Indian  paint- 
brush species  (Castilleja  lunariaefolia  and  C.  chromosa).  The  fluctuation  in 
mariposa  lily  (Calochortus  nuttal 1 i  i ),  "however,  represents  a  different  sort  of 
variability.  In  dry  years  this  species  either  senesces  very  early  or  does  not 
come  up  at  all.  In  1975,  a  relatively  moist  year,  mariposa  lily  was  observed  in 
every  quadrat.  In  1976,  it  was  not  observed  in  any  of  the  quadrats.  In  1980, 
it  had  a  frequency  of  75  percent.  Date  of  sampling,  which  has  remained  approx- 
imately the  same  over  the  six  years,  is  important  relative  to  the  detection  of 
this  species.  The  general  trend  in  mean  total  cover  has  been  downward  (Table 
A8.7.1-3).  Mean  herb  cover  was  30.4  percent  in  1975,  27.8  percent  in  1976  and 
16.8  percent  in  1980.  This  same  trend  has  been  noted  at  the  other  sagebrush 
sampling  sites.  Over  this  same  time  period  litter  cover  has  increased  and  bare 
soil  area  has  decreased.  Total  species  density  (number  of  species  per  square 
meter)  has  increased  slightly  from  15.7  in  1975  to  16.2  in  1980. 

The  vegetation  at  Plot  3-F  (BJ03)  was  originally  yery 
much  like  that  at  Plot  3-0.  The  two  plots  are  contiguous  and  except  for  minor 
site  differences,  they  were  very  similar  and  had  received  the  same  management 
until  late  1974  when  the  fence  was  constructed  around  Plot  3-F.  In  1980  the 
major  species  at  Plot  3-F  were  mutton  grass,  prairie  junegrass  and  western 
wheatgrass  (Table  A8.7.1-4).  Major  forb  species  include  northern  sweetvetch 
(Hedysarum  boreale),  Hood's  phlox,  and  low  fleabane  (Erigeron  pumi lus) .  These 
six  species  account  for  65  percent  of  the  total  cover.  Cover  by  species  was  not 
recorded  until  1980  so  it  is  not  possible  to  evaluate  species  cover  trends.  It 
is,  however,  interesting  to  note  that  cover  by  forb  species  is  approximately  two 
times  greater  in  Plot  3-F  than  it  is  in  Plot  3-0.  General  observations  suggest 
that  forbs  are  much  more  conspicuous  in  the  fenced  plot.  Species  composition  at 
Plot  3-F  has  remianed  stable  over  the  last  growing  seasons  (Table  A8.7.1-5). 
The  problems  with  species  identification  can  also  be  seen  in  the  Plot  3-F  data. 
Frequencies  for  easily  recognizable  perennial  forb  species  have  remained  rela- 
tively constant  for  each  of  the  sampling  years. 

Trends  for  total  cover  in  Plot  3-F  are  similar  to 
those  in  Plot  3-0  (Table  A8.7.1-3).  These  trends  may  be  related  to  either  vari- 
ation in  cover  estimation  or  they  may  indicate  an  actual  decrease  in  cover. 
Litter  has  increased  in  Plot  3-F  from  40  percent  in  1975  to  84  percent  in  1980. 
This  is  likely  a  reflection  of  long-term  fencing  of  the  plot.  During  this  same 
time  period,  litter  cover  has  increased  from  25  percent  to  72  in  Plot  3-0. 
Species  density  has  increased  from  17.8  to  18.3  species  per  square  meter.  This 
increase  is  probably  well  within  the  range  of  sampling  error. 

The  bottomland  sagebrush  type  occurs  along  the  inter- 
mittent drainages  that  cross  the  tract.  The  vegetation  is  composed  primarily  of 
big  sagebrush  which  grows  to  more  than  twice  the  height  of  the  sagebrush  in  the 
upland  sagebrush  type.  The  understory  herb  layer  in  the  bottomland  type  is 
usually  sparse  and  low  in  production.  The  major  herbaceous  species  at  Plot  4-0 
(BJ14)  are  Indian  ricegrass  (Oryzopsis  hymenoides)  needleand-thread  grass,  and 
western  wheatgrass  (Table  A8.7.1-6) .  Mean  for  these  three  species  combined  was 
only  2.7  percent,  but  this  amounts  to  more  than  85  percent  of  the  total  herb 
layer  cover.  Cheatgrass  (Bromus  tectorm)  was  the  most  frequently  encountered 
species  and  during  favorable  years,  this  species  dominates  the  herb  layer. 
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During  1980,  it  was  a  minor  corriponent  of  the  vegetation.  Total  species  density 
was  4.72  species  per  square  meter,  "^ery   few  changes  can  be  seen  in  species  com- 
position at  Plot  4-0  over  the  past  six  growing  seasons  (Table  A8.7.1-7).  The 
most  noticeable  changes  in  frequency  have  occurred  with  the  annual  forbs.  Total 
herb  cover  has  decreased  from  17.3  percent  in  1975  (a  high  year  for  cheatgrass) 
to  only  3.9  percent  in  1980.  Mosses  have  decreased  in  cover  while  litter  and 
bare  soil  have  remained  consistent  from  yedir   to  year.  Species  density  nas  de- 
creased slightly  from  5.2  species  per  square  meter  in  1975  to  4.7  species  per 
square  meter  in  1980. 

The  vegetation  at  Plot  4-F  (BJ04)  is  '^ery   comparable 
to  that,  at  Plot  4-0.  The  major  herb  species  (Indian  ricegrass,  needle-and- 
thread  grass  and  western  wheatgrass)  haa  a  combined  mean  cover  value  of  3.4 
percent  which  is  82  percent  of  the  total.  Cheatgrass  had  the  highest  frequency 
value  (Table  A8.7.1-8).  The  species  composition  has  changed  little  oyer   the 
past  six  growing  seasons  (Table  A8.7.1-9),  Annual  forbs  show  the  greatest 
changes.  Indian  ricegrass  has  increased  slightly  since  1975.  Total  herb  cover 
has  decreased  from  14  percent  in  1975  to  4  percent  in  1980.  This  decrease  may 
be  related  to  the  observed  decrease  in  cheatgrass.  Cover  by  litter  and  bare 
soil  have  changed  slightly  between  1975  and  1980  (Table  A8.7.1-3).  Total 
species  density  has  decreased  from  4.3  to  3.0  species  per  square  meter. 

Shrub  layer  data  summaries  for  the  big  sagebrush  vege- 
tation types  are  presented  in  Tables  A8.7.1-10  -  A8.7.1-12.  At  Plots  3-F  and 
4-F  shrub  cover,  ana  density  values  are  comparable  for  the  sampled  years.  Cover 
has  shown  a  gradual  increase  in  the  fenced  plots.  The  nx)st  striking  changes  in 
the  sagebrush  types  have  occurred  at  Plots  3-0  and  4-0.  At  Plot  3-0  big  sage- 
brush cover  and  density  doubled  between  1976  and  1980.  Some  of  this  increase 
may  be  attributable  to  different  researchers  collecting  the  data;  however,  it 
appears  that  the  amount  of  sagebrush  at  the  upland  open  study  plot  is  increas- 
ing. Increases  also  occurred  at  Plot  3-F,  but  they  were  not  nearly  as  dramatic. 
At  Plot  4-0  cover  by  big  sagebrush  increased  from  29.5  percent  to  47.3  percent 
between  1976  and  1980.  During  this  same  period,  recorded  density  decreased  from 
33,500  to  18,200  individuals  per  hectare.  These  fluctuations  may  be  related  to 
sampling  error;  however,  it  is  possible  that  the  sagebrush  cover  and  density  are 
as  variable  as  the  data  suggest.  It  will  be  interesting  to  see  if  the  aata  col- 
lected in  1983  will  show  continued  increases  in  cover  and  density,  or  if  the 
data  will  suggest  a  decline. 

Overall  trends  in  sagebrush  community  composition  are 
being  monitored  using  a  similarity  index.  By  using  the  similarity  index,  it  is 
possible  to  see  how  the  communities  have  changed  over  time.  Similarity  was  cal- 
culatea  using  the  formula: 

S.I.  =|^x  100 

where 

S.I.  =  Similarity  Index 

w  =  Sum  of  the  amount  of  the  comparison  parameter  shared  by 

the  sites  being  compared 
a  =  Sum  of  the  amount  of  the  comparison  parair:eter  at  one  sam- 
pling location 
b  =  Sum  of  the  comparison  parameter  at  the  other  sampling  lo- 
cation 
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For  the  purposes  of  comparing  Plots  3  and  4  over  time, 
herb  layer  species  frequency  was  used  as  the  comparison  parameter.  The  similar- 
ity between  Plots  3-0  and  3-F  has  changed  very  little  over  the  past  six  growing 
seasons  (Figure  8.7.1-1).  The  similarity  between  Plots  4-0  and  4-F  has  declined 
slightly  (Figure  8.7.1-1)  most  likely  as  a  result  of  the  variable  frequency  of 
the  annuals  at  this  site.  At  Plot  3,  the  similarity  between  3-0  and  3-F  has  in- 
creased approximately  5  percent  and  at  Plot  4  the  similarity  between  4-0  and  4-F 
has  decreased  approximately  6  percent.  Similarity  was  also  evaluated  for  each 
of  the  Plots  in  terms  of  sampling  date  (Figure  8.7.1-2).  Some  of  the  Plots 
(Plots  3-0  and  4-F)  showed  the  greatest  similarity  between  1976-1980.  None  of 
the  plots  showed  the  greatest  similarity  between  1975-1980.  All  of  the  similar- 
ity values  have  remained  high  (greater  than  70  percent)  over  the  last  six 
years. 

Irrigation  Study  Plot  -  Chained  Rangeland.  The 
species  composition  of  the  chained  rangeland  irrigation  study  plot  is  typical  of 
the  chained  rangeland  type  (Table  A8.7.1-13).  Major  species  include  western 
wheatgrass,  Indian  ricegrass,  and  mutton  grass.  Species  density  had  a  mean 
value  of  8.6  species  per  square  meter.  Major  shrub  species  include  big  sage- 
brush and  samplings  of  Utah  juniper  (Juniperus  osteosperma)  (Table  A8.7.1-14). 
Comparison  of  the  irrigation  study  plot  and  other  chained  rangeland  plots  will 
be  included  in  1981  monitoring  report,  since  the  chained  rangelands  will  be  sam- 
pled in  1981. 

8.7.1.6  Conclusions 

No  major  changes  have  occurred  in  the  herb  layer  com- 
ponents in  either  the  upland  or  bottomland  sagebrush  shrubland  types.  Even 
though  the  exclosures  have  been  in  place  for  six  growing  seasons,  the  open  and 
fenced  plots  still  share  a  high  degree  of  similarity.  Shrub  species  composition 
has  remained  essentially  the  same,  however  sagebrush  cover  at  both  Plots  3-0  and 
4-0  has  shown  a  marked  increase  since  1976.  The  observed  changed  in  species 
composition,  trends  in  similarity  index,  and  shrub  cover  and  density  appear  to 
be  related  to  natural  variation  or  sampling  error  and  do  not  appear  to  be 
related  to  oil  shale  development  on  the  site. 

8.7.2  Herbaceous  Productivity  and  Utilization 

8.7.2.1  Scope 

Productivity  of  vegetation  is  intrinsically  important 
in  the  operation  of  ecosystems  on  tract  C-b.  The  amount  of  production  and 
availability  of  food  are  both  of  consequence  for  animal  species  within  the  sys- 
tem. Any  significant  interruption  in  production  may  well  be  manifested  in 
changes  throughout  the  ecological  system.  In  terms  of  monitoring,  herbaceous 
production  is  a  more  convenient  parameter  to  measure  and  is  a  reflection  of  the 
total  production  in  any  of  the  communities  on  the  Tract.  By  monitoring  the 
herbaceous  production  it  is  possible  to  evaluate  yearly  and  site-to-site  differ- 
ences in  productivity.  The  scope  of  the  herbaceous  productivity  and  utilization 
studies  includes  sampling  on  a  Tract-wide  basis,  sampling  at  the  intensive  study 
sites  established  during  the  baseline  studies  period,  and  also  sampling  in 
native  communities  fertilized  in  order  to  increase  production.  The 
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Trends  in  similarity  index  (based  on  herb  layer  species 
frequency)  at  Plots  3  and  4. 
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Trends  in  similarity  index  between  years  at  intensive 
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fertilization  evaluation  studies  dre   conducted  on  an  as-needed  basis.  Also, 
studies  of  possible  air  pollution  effects  north  of  Piceance  Creek  will  be 
repeated  only  if  it  appears  necessary  to  do  so.   In  1980  an  irrigation  program 
was  initiated  solely  to  control  excess  mine  water  in  a  portion  of  the  chained 
rangeland  vegetation  type.  Herbaceous  production  will  be  used  to  evaluate  the 
effects  of  irrigation. 

8.7.2.2  Objectives 

The  objectives  of  the  productivity  and  utilization 
studies  are  to  provide  the  rreans  for  measuring  trends  of  herbaceous  production 
related  to  development  activities,  and  to  evaluate  any  changes  in  herbaceous 
uti 1 i  zation. 

8.7.2.3  Experimental  Design 

Herbaceous  production  and  utilization  are  being 
studied  on  a  Tract-wide  basis  through  the  use  of  randomly  located  exclosures. 
These  exclosures  (range  cages)  are  small  in  size  and  prevent  grazing  by  large 
herbivores  on  slightly  more  than  one  square  meter  of  ground.  Individual  place- 
ment of  the  range  cages  is  determined  by  using  random  coordinates  on  the  vegeta- 
tion map  of  the  Tract.  These  random  sites  are  then  located  in  the  field.  Once 
the  sampling  point  is  located,  a  second  comparable,  nearby  site  is  also  located 
(usually  within  5-10  meters  of  the  first).  The  range  cage  is  then  randomly 
placed  over  one  of  the  two  sites.  The  "caged"  quadrat  is  clipped  later  in  the 
growing  season  in  order  to  estimate  production.  The  other  "non-caged"  site  is 
clipped  in  order  to  provide  the  data  necessary  for  evaluating  the  degree  to 
which  the  herbaceous  vegetation  is  utilized  by  large  herbivores.   It  is  impor- 
tant to  assure  that  the  two  quadrats  in  the  pair  are  comparable.  Because  of  the 
inherent  sparsity  and  heterogeneity  of  the  herbaceous  production  on  the  Tract, 
it  is  very   easy  to  have  two  quadrats  located  adjacent  to  one  another  and  to  have 
order-of-magni tude  differences  in  production.  It  could  be  either  caged  or  open 
areas  that  are  so  strikingly  different.  If  the  highly  productive  areas  are 
always  caged,  it  is  possible  for  the  data  to  misrepresent  the  extent  of  utiliza- 
tion, and  if  the  open  areas  are  consistently  more  productive  the  data  would 
suggest  an  adverse  caging  effect.  If  the  placement  of  the  quadrats  were  totally 
random  with  respect  to  open  and  caged  areas,  utilization  effects  would  be  masked 
by  the  variability  of  the  production  data.  For  these  reasons  it  was  necessary 
to  adopt  the  above  mentioned  design  for  the  utilization  studies.  All  sampling 
locations  are  randomly  selected  and  the  placement  of  the  range  cages  is  randomly 
determined.  The  effect  of  this  design  is  to  retain  objectivity  while  minimizing 
the  effect  of  production  variability. 

Fifteen  pairs  of  sampling  sites  (range  cages  and  open 
areas)  are  placed  throughout  the  Tract  in  each  of  the  four  major  plant  communi- 
ties (pinyon-juniper  woodlands,  chained  pinyon-juni per  rangelands,  upland  sage- 
brush shrublands,  and  bottomland  sagebrush  shrublands).  The  quadrats  are 
clipped  at  peak  season  (approximately  mid-late  July),  and  all  of  the  current 
year's  growth  is  removed.  Clipped  samples  e^re   fractionized  on  the  basis  of 
species  for  western  wheatgrass,  cheatgrass  and  Indian  ricegrass,  and  on  the 
basis  of  life  form  for  other  perennial  grasses,  other  annual  grasses,  perennial 
forbs,  annual  forbs,  and  half-shrubs.  Caged  and  adjacent  open  areas  dre   clipped 
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at  the  same  time.  Clipped  samples  are  returned  to  the  lab,  oven  dried  to  a  con- 
stant weight  and  then  weighed  to  the  nearest  milligram. 

Production  studies  at  the  intensive  study  sites  are 
being  conducted  using  a  double  sampling  approach.  Fifty-one  square  meter  quad- 
rats are  randomly  located  in  seasonally  fenced  plots  at  the  intensive  study 
sites.  (Fences  are  put  up  at  the  beginning  of  the  growing  season).  The  weight 
in  grams  for  each  of  the  current  year's  growth  fractions  listed  above  is  esti- 
mated in  each  of  the  fifty  quadrats.  Ten  of  these  quadrats  are  clipped  in  addi- 
tion to  being  estimated.  Once  the  samples  have  been  dried  and  weighed,  regres- 
sion equations  are  developed  for  each  of  the  species  or  species  groups.  All  of 
the  fresh  estimates  are  then  corrected  to  an  oven  dry  weight  on  the  basis  of  the 
derived  equations.  Data  from  these  studies  are  compared  with  information  de- 
rived during  baseline  periods  and  are  also  used  to  compare  vegetation  types  and 
study  sites  within  any  given  year. 

The  effects  of  fertilization  and  irrigation  are  also 
being  monitored  in  the  chained  rangeland  type.  See  Figure  5.2.6-2.  This  study 
was  initiated  in  1980  and  was  designed  to  evaluate  the  effects  of  four 
fertilizer  treatments  and  two  irrigation  treatments.  The  four  fertilizer 
treatments  consist  of:  1)  no  fertilizer,  2)  no  nitrate  and  100  lbs/acre  of 
phosphate,  3)  100  lbs/acre  of  nitrate  and  100  lbs/acre  of  phosphate  and  4)  200 
lbs/acre  of  nitrate  and  200  lbs/acre  of  phosphate.  Each  of  these  treatments  is 
replicated  in  areas  irrigated  for  12  hours  and  18  hours.  In  each  of  the 
replicated  blocks,  total  production  is  evaluated  using  a  double  sampling 
approach.  The  biomass  for  each  of  the  sample  fractions  mentioned  earlier  was 
estimated  in  ten  1.0  m^  quadrats.  Two  of  these  were  clipped,  oven  dried  and 
weighed.  Regression  equations  were  developed  based  on  the  clipped  and  estimated 
quadrats  from  seven  of  the  eight  treatment  blocks.  The  eighth  block  (no 
fertilizer;  12  hours  of  irrigation)  was  sampled  using  ten  range  cages  and 
adjacent  open  areas. 

8.7.2.4  Method  of  Analysis 

Analysis  of  herbaceous  production  and  utilization  data 
is  focused  on  five  areas  of  comparison.  These  include  evaluation  of: 

1.  Differences  among  vegetation  types  during  a  given  growing  sea- 
son. 

2.  Differences  between  study  sites  of  the  same  vegetation  type  dur- 
ing a  given  growing  season. 

3.  Differences  between  years  within  a  given  vegetation  type. 

4.  Differences  between  fenced  and  open  areas  within  a  vegetation 
type  during  a  given  growng  season. 

5.  Differences  in  production  related  to  the  addition  of  fertilizer 
and  irrigation. 

Total  production  is  used  as  the  parameter  for  compari- 
son. Evaluation  of  differences  is  accomplished  using  trend  analysis  and  one-way 
analysis  of  variance  (F-test)  to  test  whether  or  not  the  observed  differences  in 
means  are  significant.  Effects  of  fertilizer  and  irrigation  are  evaluated  using 
a  non-nested  two-way  analysis  of  variance. 
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8.7.2.5  Discussion  and  Results 

Tract-wide  Range  Cage  Studies.  The  purpose  for  con- 
ducting the  Tract-wide  range  cage  studies  is  to  provide  more  broadly  based  esti- 
mates of  production  in  the  major  vegetation  types  than  can  be  obtained  from  the 
intensive  study  sites.  Data  from  these  studies  can  be  used  in  evaluating  trends 
and  can  also  be  compared  using  statistical  tests.  Because  of  the  high  variabil- 
ity of  the  data,  the  statistical  tests  are  not  overly  sensitive  and  differences 
in  means  need  to  be  rather  large  in  order  to  be  judged  significant.  An  attempt 
has  been  made  to  obtain  sufficient  samples  to  be  able  to  detect  a  20  percent 
difference  in  means  with  80  percent  confidence.  This  level  of  adequacy  was 
reached  in  the  upland  sagebrush  and  chained  rangeland  communities  but  was  not 
attained  in  the  bottomland  sagebrush  and  pinyon-juniper  woodland  communities. 
Low  production  and  patchy  distribution  of  individual  plants  tend  to  make  the 
latter  two  communities  more  variable. 

Herbaceous  production  is  summarized  on  Figures 
8.7.2-1,  -2,  and  -3  for  PJ  woodlands,  chained  PJ  and  big  sagebrush  and  tabulated 
in  Table  8.7.2-1.  Oven  dry  weights  for  range  cages  and  adjacent  open  areas  in 
the  pinyon-juniper  woodlands  are  presented  in  Table  A8.7.2-1.  Mean  total  pro- 
duction in  the  pinyon-juniper  woodlands  was  10.4  g/m^  (93  lbs/acre).  Most  of 
the  production  was  attributable  to  western  wheatgrass  and  other  perennial  grass- 
es (Table  A8.7.2-2).  In  the  non-caged  areas,  mean  production  was  10.3  g/m^ 
(92  lbs/acre)  suggesting  very  little  utilization  of  this  type  by  livestock. 
Major  species  in  the  open  areas  were  western  wheatgrass,  other  perennial  grasses 
and  cheatgrass. 

Oven  dry  weights  for  range  cages  and  adjacent  open 
areas  in  the  chained  rangelands  are  presented  in  Table  A8.7.2-3.  During  1980 
the  mean  total  production  in  the  chained  rangeland  type  was  40.8  g/m^  (353 
lbs/acre).  Major  species  were  western  wheatgrass  and  other  perennial  grasses 
(Table  A8.7.2-4). 

In  the  open  areas,  mean  production  was  33.6  (299  Ibs/- 
acre).  Utilization  of  chained  rangelands  was  approximately  18  percent.  Major 
species  in  the  open  areas  were  western  wheatgrass,  other  perennial  grasses  and 
perennial  forbs  (Table  A8.7.2-4). 

Dry  weight  data  for  each  of  the  range  cages  and  adja- 
cent open  areas  in  the  upland  sagebrush  type  are  presented  in  Table  A8.7.2-5. 
Mean  production  for  the  upland  sagebrush  type  was  42.8  g/m^  (381  lbs/acre). 
Major  species  in  this  type  include  perennial  grasses,  perennial  forbs,  and  west- 
ern wheatgrass  (Table  A8.7.2-6).  Mean  total  production  for  non-caged  areas  was 
28.6  g/m^  (255  lbs/acre)  with  the  same  species  occurring  as  dominants.  Utili- 
zation by  large  herbivores  was  approximately  33  percent. 

Oven  dry  weight  data  for  each  of  the  range  cages  and 
adjacent  open  areas  in  the  bottomland  sagebrush  type  are  presented  in  Table 
A8.7.2-7.  Mean  total  production  for  the  range  cages  was  27.0  g/m^  (240  Ibs/- 
acre)  and  17.9  g/m^  (159  lbs/acre)  for  adjacent  open  areas  (Table  A8.7.2-8). 
Major  species  include  perennial  grasses,  western  wheatgrass  and  cheatgrass. 
Utilization  by  large  herbivores  was  34  percent. 
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Figure  8.7.2-1    Trends  in  mean  herb  production  between  1974  and  1980  for 
pinyon-juniper  woodlands.  See  Table  8.7.2-1  for  actual 
values  and  estimates  of  variability. 
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Figure  8.7.2-2 


Trends  in  mean  herb  production  between  1975 
and  1980  for  chained  pinyon-juniper  rangelands 
See  Table  8.7.2-1  for  actual  values  and  esti- 
mates of  variability. 
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Figure  8.7.2-3 


Trends  in  mean  herb  production  between  1975  and  1980  for 
big  sagebrush  vegetation  types.  Data  from  1975-1977 
collected  at  intensive  study  Plots  3  and  4.  Data  from 
1978-1980  collected  from  randomly  located  range  cages  in 
each  of  the  types.  The  dotted  line  connecting  the  1977 
and  1978  data  indicates  the  change  in  sampling  approach 
for  these  two  vegetation  types.  See  Table  8.7.2-1  for 
actual  values  and  estimates  of  variability. 
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The  production  data  for  the  four  major  vegetation 
types  on  the  Tract  is  consistent  with  results  obtained  over  the  past  five  years. 
The  upland  sagebrush  type  was  the  most  productive  followed  by  the  chained  range- 
land  type,  bottomland  sagebrush  type  and  pinyon-juniper  woodland  type. 

Intensive  Study  Plots.  Productive  data  were  collected 
at  Plots  1,  2,  5  and  6  (BJ21,  BJ22,  BJ25,  and  BJ26)  during  1980.  Plots  1  and  2 
are  in  the  chained  rangeland  type,  and  Plots  5  and  6  are  in  the  pinyon-juniper 
woodland  type.  Fresh  weight  estimates  for  each  of  the  quadrats  are  presented  in 
Table  A8. 7.2-9  -  AS. 7.2-12,  and  oven  dry  weights  for  each  of  the  ten  clipped 
quadrats  at  each  plot  are  presented  in  Table  AS. 7. 2-13  -  AS. 7. 2-16.  The  regres- 
sion equations  used  to  convert  the  fresh  weight  estimates  to  oven  dry  weights 
are  presented  in  Tables  AS. 7.2-17  -  AS. 7. 2-20. 

In  general  the  chained  rangeland  intensive  study  plots 
tend  to  be  less  productive  than  the  chained  rangeland  type  as  a  whole.  Mean 
total  production  was  30.6  g/m^  (273  lbs/acre)  at  Plot  1  and  21.8  g/m^  (194 
lbs/acre)  at  Plot  2.  This  compares  with  40.8  g/m^  for  the  range  cages  in  the 
chained  rangeland.  The  major  species  are  the  same  with  most  of  the  production 
attributable  to  perennial  grasses,  western  wheatgrass  and  Indian  ricegrass 
(Table  A8.7.2-21). 

In  the  pinyon-juniper  woodland  plots,  the  same  pattern 
observed  during  the  last  five  growing  seasons  was  repeated  during  1980.  Plot  6 
was  more  productive  that  Plot  5  (Table  A8.7.2-22).  Mean  total  production  was 
37.7  g/m2  (336  lbs/acre)  at  Plot  6  and  12.0  g/m^  (107  lbs/acre)  at  Plot  5. 
Major  species  include  perennial  grasses,  western  wheatgrass,  and  Indian  rice- 
grass.  Compared  with  the  pinyon-juniper  woodland  type  as  a  whole.  Plot  5  is 
more  similar  in  terms  of  total  production.  Because  of  the  denser  understory  at 
Plot  6,  the  production  at  that  site  is  more  similar  to  that  measured  in  the  up- 
land sagebrush  type. 

Trends  in  Herbaceous  Production  1975  -  1980.  Trends 
in  herbaceous  production  were  reported  in  the  1979  monitoring  report.  The  1980 
data  have  been  included  with  the  previous  year's  data.  In  pinyon-juniper  wood- 
lands and  chained  rangelands  intensive  study  plots  were  more  productive  in  1980 
than  1979  (Table  8.7.2-1  and  Figures  8.7.2-1  and  8.7.2-2).  The  mean  production 
for  range  cages  in  the  chained  rangelands  was  slightly  lower  in  1980  than  it  was 
in  1979.  Both  the  upland  and  bottomland  sagebrush  types  were  also  somewhat  less 
productive  in  1980  compared  with  1979  (Table  8.7.2-1  and  Figure  8.7.2-3).  the 
reported  values  for  1980  dre   well  within  the  ranges  observed  in  previous  years. 
Based  on  the  responses  of  the  paired  pinyon-juniper  plots  and  the  paired  chained 
rangeland  plots,  there  are  no  apparent  changes  in  production  resulting  from  con- 
struction activities  on  the  Tract.  The  patterns  of  production  are  consistent 
with  those  observed  over  the  past  five  years. 

Evaluation  of  Production  Differences,  1980 

Differences  Among  Vegetation  Types  and  Study  Sites. 
All  of  the  differences  in  production  among  the  intensive  study  plots  wre  signi- 
ficant (Table  8.7.2-2).  The  production  of  Plot  1  was  significantly  more  pro- 
ductive than  Plot  2,  but  significantly  less  productive  than  Plot  6.  Plot  2  was 
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Table  8.7.2-2 


One-way  analysis  of  variance  results  for  comparison  in 
open  and  fenced  plots  and  evaluation  of  differences 
among  sites  and  vegetation  types,  1980.  Underlined  items 
are  those  with  the  greater  mean  value. 
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1 

27 

2.900 

SIG 
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Table  8.7.2-2 


(contd.)  Comparison  in  open  and  fenced  plots  and  evaluation 
of  differences  among  sites  and  vegetation  types,  1980. 


Calculated  vt+ 
F      ^ 


Critical 

Region 

a  =  0.10 

F> 


Significance* 


Pinyon-Juniper  vs. 
Bottomland  Sagebrush 

5.581     1 

Chained  Rangeland  vs. 
Upland  Sagebrush 

0.153     1 

Chained  Rangeland  vs. 
Bottomland  Sagebrush 

3.220     1 

Upland  Sagebrush  vs. 
Bottomland  Sagebrush 

3.892     1 

Chained  Ra 
Irrigated  ( 
Rangeland 

ngeland  vs. 
Chained 

7.815     1 

Based  on  Range  Cage  and  Intensiv 

B  Study  Plot  Data 

Plot  1  vs. 
Cages 

Chained  Rangeland 

4.858     1 

Plot  2  vs. 
Cages 

Chained  Rangeland 

28.186     1 

Plot  5  vs. 
Cages 

Pinyon  Juniper 

0.815     1 

Plot  6  vs. 
Cages 

Piny on  Juniper 

25.607     1 

Plot  6  vs. 
Cages 

Upland  Sagebrush 

0.755     1 

28 


27 


28 


27 


23 


2.890 

SIG 

2.900 

NS 

2.890 

SIG 

2.900 

SIG 

2.940 


SIG 


63 

2.789 

SIG 

63 

2.789 

SIG 

63 

2.789 

NS 

62 

2.789 

SIG 

63 

2.789 

NS 

*  NS 
SIG 

V 


1  ■  = 
'2  = 


Not  Significant 
Significant 

degress  of  freedom  for  numerator 

degress  of  freedom  for  denominator 
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significantly  more  productive  than  Plot  5  but  significantly  less  productive  than 
Plot  6.  Plot  6  was  significantly  more  productive  than  Plot  5.  Plot  6  had  the 
highest  production  of  any  of  the  intensive  study  plots.  The  high  production  at 
this  site  is  contrary  to  the  pinyon-juniper  type  as  a  whole.  There  was  no 
significant  difference  between  Plot  5  (the  other  pinyon-juniper  site)  and  the 
range  cages  in  the  pinyon-juniper  woodlands.  Plot  6  was  significantly  more  pro- 
ductive than  both  Plot  5  and  the  pinyon-juniper  range  cages.  The  understory  at 
Plot  6  is  quite  well  developed  and  more  closely  resembles  the  upland  sagebrush 
type.  In  fact,  there  was  no  significant  difference  between  Plot  6  production 
and  the  production  in  the  upland  sagebrush  range  cages.  In  other  comparisons 
between  the  intensive  study  plots  and  range  cages,  the  chained  rangelands  as  a 
whole  were  signficantly  more  productive  than  either  Plot  1  or  Plot  2  (Table 
8.7.2-2). 

The  differences  among  the  four  major  vegetation  types 
are  comparable  to  results  obtained  in  previous  years.  On  the  basis  of  the  range 
cage  data,  the  pinyon-juniper  woodlands  were  significantly  less  productive  than 
the  chained  rangelands,  uplands  sagebrush  and  bottomland  sagebrush  shrublands. 
The  chained  rangelands  and  upland  sagebrush  shrublands  were  significantly  more 
productive  than  the  bottomland  sagebrush  shrublands.  There  was  no  significant 
difference  between  the  chained  rangelands  and  upland  sagebrush  shrublands. 

Evaluation  of  Herbaceous  Utilization.  In  all  the 
range  cage  sampling  except  for  the  irrigated  chained  rangelands,  the  production 
in  the  range  cages  was  greater  than  in  the  adjacent  open  areas.  In  the  pinyon- 
juniper  woodlands  the  values  were  nearly  the  same  which  is  a  reflection  of  both 
limited  utilization  and  variability  in  herb  layer  production.  In  the  upland 
sagebrush,  utilization  was  measured  at  33  percent;  in  the  bottomland  sagebrush, 
utilization  was  34  percent;  and  in  the  chained  rangeland,  utilization  was  18 
percent.  Of  these,  the  only  significant  difference  between  caged  and  open  areas 
was  in  the  upland  sagebrush  shrublands  (Table  8.7.2-2).  These  results  are 
consistent  with  those  reported  in  earlier  years.  The  high  percentage  of 
perennial  grasses,  total  production  values,  and  open  aspect  of  the  upland 
sagebrush  shrublands  apparently  make  them  more  desirable  for  livestock  use. 

Irrigation/Fertilization  Studies  1980.  Fresh  weight 
estimates  for  each  of  the  ten  sampled  quadrats  in  the  irrigation  study  plots  are 
presented  in  Table  A8.6.2-23  and  dry  weights  for  the  clipped  plots  are  presented 
in  Table  A8.7.2-24.  The  regression  equations  for  converting  the  fresh  weight 
estimates  to  oven  dry  weights  are  presented  in  Table  A8.7.2-25. 

In  general  at  the  time  of  sampling,  the  effects  of 
fertilization  and  irrigation  were  very  limited.  Mean  values  for  each  of  the 
fertilizer  treatments  ranged  from  36.3  to  47.0  g/m^  (Table  A8.7.2-26)  which  is 
comparable  to  that  measured  for  chained  rangelands  as  whole  (40.8  g/m^).  The 
highest  production  estimate  (63.7  g/m^)  in  this  study  came  from  the  non-fer- 
tilized plot  which  was  irrigated  for  12  hours.  Data  for  this  treatment  came 
from  ten  clipped  plots  adjacent  to  range  cages  rather  than  from  a  double  sam- 
pling approach  (Table  A8.7.2-27  and  A8.7.2-28).  The  third  highest  value  (46.7 
g/m^)  came  from  the  other  non-fertilized  plot. 
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Evaluation  of  the  effects  of  fertilizer  and  irrigation 
were  evaluated  using  a  two-way  analysis  of  variance.  Fertilizer  effects,  irri- 
gation effects  and  the  interaction  of  fertilizer  and  irrigation  were  each  tested 
(Table  8.7.2-3).  Irrigation  effects  and  interaction  effects  were  not  signifi- 
cant, however  the  fertilizer  effects  were  significant.  The  highest  mean  value 
among  the  as  18  fertilizer  treatments  was  the  "no  fertilizer"  block. 

Two  factors  stand  out  as  important  in  the  evaluation 
of  the  fertilization/irrigation  data.  The  site  had  been  irrigated  only  twice 
prior  to  clipping  in  late  July.  There  was  not  enough  time  for  the  treatments  to 
take  effect  and  actually  be  manifested  as  increased  production.  Clipping  later 
in  the  year,  possibly  as  late  as  early  September,  would  likely  increase  the 
chance  of  detecting  treatment  effects.  The  second  factor  masking  the  treatment 
effects  is  the  variability  of  herb  production  in  the  chained  rangeland.  The 
production  in  the  no-fertilizer  12  hour  irrigation  was  the  highest  measured  in 
the  chained  rangelands  during  1980.  In  fact  both  the  cages  and  open  areas  were 
significantly  greater  than  the  production  in  the  chained  rangelands  as  a  whole. 
The  high  values  for  this  treatment  were  primarily  responsible  for  the  signifi- 
cance of  the  fertilizer  treatment  effects. 

8.7.2.6  Conclusions 

The  conclusions  reached  in  this  report  are  essentially 
the  same  as  those  reached  in  previous  years  monitoring  studies. 

1.  The  patterns  of  production  are  essentially  the  same  as  those  observed  during 
the  baseline  and  previous  monitoring  years. 

2.  In  1980  herbaceous  utilization  of  non-woodland  vegetation  types  was  28  per- 
cent. The  only  type  where  the  difference  between  range  cages  and  open 
areas  was  significant  was  the  upland  sagebrush  shrubland  type.  This  result 
is  the  same  as  that  obtained  in  1979. 

3.  Differences  in  production  at  Plots  1,  2,  5,  and  6  were  statistically  signif- 
icant. These  differences  most  likely  relate  to  natural  causes  rather  than 
to  development  activities. 

4.  The  fertilization/irrigation  program  results  showed  significant  fertilizer 
effects  and  non-significant  effects  for  irrigation  and  irrigation-fertiliza- 
tion interaction.  The  results  of  the  program  are  somewhat  masked  by  the 
variability  of  the  chained  rangeland  type  and  the  initial  short  duration  of 
the  fertilization/irrigation  program. 

5.  Visual  observations  of  the  irrigation/fertilizer  study  area  made  in  late 
August  and  September  support  the  statement  made  earlier  that  clipping  later 
in  the  year  would  likely  increase  the  chance  of  detecting  treatment  effects. 
It  was  evident  from  these  observations  that  vegetative  production  in  irri- 
gated areas  was  greater  than  surrounding  non-irrigated  areas.  This  differ- 
ence in  production  was  even  more  apparent  in  the  fertilized  blocks,  particu- 
larly for  the  200/100  application  rate  (Treatments  4a  and  4b).  At  the  time 
of  data  collection  in  1980  it  was  not  realized  that  the  sprinkler  irrigation 
would  produce  the  effect  of  a  prolonged  growing  season  (vegetation  was  still 
green  and  growing  into  September)  on  the  vegetation  at  the  C-b  Tract. 
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Table  8.7.2-3     Results  of  the  two-way  analysis  of  variance  test 

for  evaluating  the  effects  of  fertilization  and 
irrigation. 


Source  of  Variation 

Degress  of 
Freedom 

Sum  of 
Squares 

Mean 
Square 

Calculated 
F 

Significance* 

Subgroups 

7 

4509.59 

644.23 

A  (Columns;  fertilizer) 

3 

2997.42 

999.14 

5.281 

SIG 

B  (Row;  irrigation) 

1 

526.96 

526.96 

2.785 

NS 

AxB  (Interaction) 

3 

985.21 

328.40 

1.736 

NS 

Within  Subgroups  (Error) 

72 

- 

13620.97 

189.18 

Total 

79 

18130.56 

r 

•"cos  [3,79]  "  ^-^"^^  ^0.05  [1,79]  "  "^'^^^ 


*  SIG  =  Significant  at  a  =  0.05 
NS  =  Not  significant  at  a  =  0.05 
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8.7.3  Shrub  Productivity  and  Utilization 

This  section  has  been  incorporated  into  Section  8.2.2  entitled 
Browse  Production  and  Utilization  in  this  report. 

8.7.4  General  Vegetation  Conditions  Study 

This  section  has  been  incorporated  into  this  Section  4.2  utili- 
zing Landsat. 

8.7.5  Micro-Climatic  Studies 

8.7.5.1  Scope 

Studies  on  microclimatic  parameters  on  the  C-b  Tract 
provide  data  that  are  useful  in  assessing  changes  in  vegetation  production  and 
structure,  animal  populations,  or  animal  activity  patterns,  and  may  also  be 
correlated  with  changes  in  functional  components  of  the  C.B.  ecosystem  that  may 
occur  as  a  result  of  oil  shale  development. 

8.7.5.2  Objectives 

The  objectives  are  to  measure  and  evaluate  time  trends 
in  climatic  variables  of  surface  and  air  temperatures,  surface  precipitation, 
and  snow  depth  at  specific  locations  within  the  various  vegetative  communities; 
to  provide  data  for  ecosystem  interrelationship  studies. 

8.7.5.3  Experimental  Design 

Five  microclimatic  stations  are  located  in  development 
sites  and  five  in  control  sites.  The  locations  of  these  ten  sites  (See  Stations 
8C01  through  BC09  and  BC13  on  the  jacket  map.  Exhibit  C)  are  the  same  as 
baseline  locations.  Therefore,  data  from  March  1975  through  the  present  can  be 
compared.  Each  station  is  monitored  twice  monthly  for  the  following 
parameters: 

Parameters 
Measured  at  each 
Microclimate  Station  Locations  Station 


BCOl  Chained  Pinyon-Juniper  Rangeland  Air  Temperature:  Im 

BC02  Chained  Pinyon-Juniper  Rangeland,  Vegetation  Plot  2   Soil  Temperature: 

BC03  Plateau  Sagebrush,  Vegetation  Plot  3  Surface 

BC04  Valley  Bottom  Sagebrush,  Vegetation  Plot  4         Precipitation, 

BC05  Pinyon-Juniper  Woodland,  Vegetation  Plot  5  Snow  Depth  and 

BC06  Pinyon-Juniper  Woodland,  Vegetation  Plot  5         Moisture  Content 

BC07  Chained  Pinyon-Juniper  Rangeland  (Animal  Trapping 

Transect) 

BC08  Bunchgrass  Community,  South-facing  Slope 

BC09  Valley  Bottom  Sagebrush,  Mouth  of  Sorghum  Gulch 

BC13  Mixed  Mountain  Shrubland,  North-facing  Slope 
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All  temperature  readings  consist  of  maximum  and 
minimum  readings  for  two-week  periods.  Precipitation  is  measured  only  during 
the  growing  season,  March  through  October.  Therefore,  precipitation  data  from 
meteorology  stations  AB20  and  AB23  are  utilized  for  winter-month  readings 
(November-February)  for  valley  and  pinyon-juniper  microclimate  stations.  Snow 
measurements  are  obtained  approximately  from  November-February. 

8.7.5.4  Method  of  Analysis 

Methods  of  analysis  include  time  series  plots  contain- 
ed in  the  Supplement(s)  to  the  Development  Monitoring  (data)  Reports  for  precip- 
itation, snow  depth,  and  maximum  and  minimum  temperatures,  and  correlations  of 
microclimatic  data  with  plant  and  wildlife  data.  The  reader  should  also  consult 
Subsection  6.3.1,  Climatological  Records,  for  additional  tables,  time  series 
plots,  and  histograms. 

8.7.5.5  Discussion  and  Results 

Time  series  plots  for  1980  (see  Jan.  1981  Data  Report) 
were  visually  compared  to  time  series  plots  from  previous  years.  Observations 
resulting  from  this  analysis  are: 

Fall  and  Winter  precipitation  values  were  lower,  but  Spring  and  Summer 
precipitation  values  were  similar  to  previous  years. 

Temperatures  dropped  below  freezing  for  short  periods  throughout  the 
growing  season,  but  were  similar  to  past  years. 

Temperatures  for  January,  thru  March  were  lower  than  in  previous  years. 

8.7.5.6  Conclusions 


analysis: 


The  following  conclusions  were  drawn  from  the  visual 


a.  Winter  and  Fall  precipitation  for  1980  was  lower  than  previous 
years. 

b.  Spring  and  Summer  precipitation  for  1980  was  similar  to  previous 
years. 

c.  Below  freezing  temperatures  during  the  growing  season  were  noted  but 
were  similar  to  previous  years. 

d.  Lower  temperatures  were  recorded  for  January  thru  March  than  in 
previous  years. 

8.8  Threatened  and  Endangered  Species 

Bald  eagles  were  observed  several  times  on  Tract  C-b  and  in  the  gen- 
eral vicinity.  The  raptors  were  not  seen  in  any  present  or  future  developmental 
areas.  No  bald  eagles  nested  or  remained  on  the  Tract  for  any  great  length  of 
time.  Since  the  area  is  not  suitable  for  bald  eagle  habitat  (marginal  winter 
range)  and  the  eagles  were  only  occasional  visitors,  no  further  action  will  be 
taken  except  for  their  continued  monitoring. 
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Sandhill  cranes  were  observed  several  times  east  of  the  Tract.  The 
birds  were  seen  along  Piceance  Creek  and  up  West  Stewart  Creek.  No  sandhill 
cranes  were  observed  on  the  Tract.  At  this  time,  no  further  actions  will  be 
initiated  with  the  exception  of  continued  monitoring  for  their  presence. 

No  threatened  or  endangered  plants  were  found  on  or  near  Tract  C-b. 
New  plants  are  continually  being  added  to  the  permanent  herbarium  on  Tract. 

In  conjunction  with  the  numerous  biological  studies  that  will  be  con- 
ducted on  and  near  Tract  C-b  during  all  parts  of  the  year,  observations  con- 
firmed by  staff  field  biologists  of  any  threatened  or  endangered  species  will  be 
reported  to  the  OSO  (Oil  Shale  Office).  Appropriate  studies  to  determine  sig- 
nificance of  a  sighting  will  then  be  initiated  as  determined  jointly  by  C.B. 
and  OSO  personnel . 

8.9  Revegetation 

Revegetation  monitoring  is  conducted  on  sites  which  have  undergone 
surface  disturbance  on  topsoil  storage  piles  and  on  shale  disposal  sites.  Sam- 
pling of  revegetated  areas  is  initiated  during  the  third  growing  season  follow- 
ing seeding  with  a  permanent  seed  mixture.  Monitoring  is  conducted  on  areas 
larger  that  one  acre.  Monitoring  techniques  assess  the  progress  of  reestablish- 
ed vegetation  through  determination  of  cover  and  productivity  of  species.  Para- 
meters to  be  studied  on  revegetated  sites  include  species  frequency  and  cover 
for  forbs,  grasses,  and  shrub  and  tree  seedlings;  cover  by  litter,  soil,  rock, 
mosses  and  lichens,  and  herbaceous  standing  crop. 

8.9.1  Vegetation  Structure  and  Composition 

8.9.1.1  Scope 

Sampling  of  revegetated  areas  during  1980  was  done  on 
the  two  topsoil  storage  piles  located  near  the  support  facilities  which  were 
seeded  in  1978.  Sampling  was  accomplished  in  late  July.  Sampling  included  de- 
termination of  herbaceous  species  frequency;  percent  cover  by  herbaceous 
species;  and  percent  cover  by  litter,  soil,  rock,  mosses,  and  lichens.  Shrub 
and  tree  seedlings  were  not  established  enough  to  sample  separately  and  were 
included  in  the  herbaceous  sampling. 

8.9.1.2  Objectives 

Vegetation  structure  and  composition  on  revegetated 
disturbed  sites  are  monitored  in  order  to  evaluate  the  general  success  obtained 
in  re-establishing  vegetation  on  these  sites. 

8.9.1.3  Experimental  Design 

Sampling  for  species  frequency  and  percent  cover  was 
accomplished  through  the  use  of  the  quadrat -ocular-estimation  method.  A  start- 
ing point  was  randomly  located  on  each  topsoil  pile.  A  grid  of  1.0  m^  quad- 
rats was  then  established.  A  total  of  25  quadrats  was  sampled  (13  on  one  pile 
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and  12  on  the  other  were  combined  into  one  set  of  25  data  points).  Observations 
on  the  herb  and  ground-layer  components  were  made  in  the  1.0  m"^  quadrats. 

The  parameters  being  monitored  in  this  study  are  cover 
and  frequency  for  herbaceous  species  (including  shrub  and  tree  seedlings). 

8.9.1.4  Method  of  Analysis 

Percent  cover  by  species,  litter,  soil,  rock,  mosses, 
and  lichens  was  determined.  Since  there  are  no  control  sites  for  comparison 
with  revegetated  areas,  no  hypothesis  will  be  tested  nor  will  similarity  indices 
be  used.  Also,  since  this  is  the  first  year's  set  of  data  for  the  revegetated 
topsoil  piles,  data  cannot  be  evaluated  through  the  use  of  trend  analysis.  The 
parameters  that  will  be  compared  in  this  analysis  are   total  herbaceous  cover  and 
frequency  and  percent  cover  of  weedy  annuals  vs.  the  aesired  perennial  grasses 
and  forbs  used  in  the  seed  mixture. 

8.9.1.5  Discussion  and  Results 

There  are  two  sources  of  possible  error  involved  in 
monitoring  vegetation  community  structure  and  composition.  First,  in  visual 
evaluation  of  species  cover  it  is  '^ery   difficult  to  be  totally  consistent  from 
year  to  year  and  even  from  quadrat  to  quadrat,  even  if  the  data  dre   recorded  by 
the  same  observer.  Second,  difficulties  in  species  recognition  constitute  a 
source  of  error  which  is  difficult  to  eliminate.  This  are  especially  true  for 
species  in  vegetative  condition.  Species  recognition  is  manifested  in  both 
cover  ana  frequency  data.  Visual  estimates  affect  only  the  cover  data. 

The  most  prevalent  species  found  on  the  topsoil  piles 
include  Russian  thistle  (Salsola  iberica),  intermediate  wheatgrass  (Agropyron 
intermedium) ,  pubescent  wneatgrass  (A.  p'ubesens),  and  western  wheatgrass  (A. 
smi  thi  i ) ,  respectively.  These  species  had  a  frequency  of  60  percent  or  greater. 
The  species  having  greatest  amounts  of  ground  cover  include  Russian  thistle, 
intermediate  wheatgrass,  alfalfa  (Medicago  sativa)  and  pubescent  wheatgrass, 
respectively.  These  species  had  a  mean  cover  of  2.4  percent  or  greater.  Total 
mean  cover  in  the  herb  layer  was  25  percent.  Bare  soil  had  a  mean  cover  value 
of  62.2  percent.  Mean  number  of  species  per  square  meter  was  6.12  +_   0.27. 

The  desired  perennial  grasses  and  forbs  planted  as 
seea  had  a  combined  mean  cover  of  15.9  percent  compared  to  a  combined  mean  cover 
of  12.4  percent  for  weedy  annuals  (most  of  which  is  attributed  to  Russian 
thistle's  11.1  percent  mean  cover).  With  the  exception  of  Russian  thistle  (100% 
frequency),  the  desired  species  have  a  higher  frequency  than  the  weedy  annuals. 

All  but  four  species  of  the  seeded  mixture  were 
observed  in  the  sampled  quadrats.  These  four  were  mountain  brome  (Promus 
marginatus),  Great  Basin  wildrye  (Elymus  cinereus) ,  hard  fescue  (Festuca  ovina) 
ana  penstemon  (Penstemon  spp.).  Four  species  of  shrub  seedlings  were  observed 
(five  total  seea I ings)  ana  six  species  of  weeay  annuals. 

The  herb  quadrat  summaries  for  the  topsoil  pile  are 
shown  in  Table  AS. 9. 1-1  of  Volume  2A  of  this  Annual  Report. 
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8.9.1.6  Conclusions 

Since  this  is  the  first  year's  data  on  revegetated 
areas  it  is  difficult  to  draw  any  specific  conclusions.   It  can  be  noted  that 
the  revegetated  topsoil  piles  are  definitely  in  a  successional  stage,  which  is 
to  be  expected.  This  fact  is  supported  by  the  relatively  low  species  diversity, 
as  compared  to  the  major  vegetation  types  on  tract  and  by  the  dominance  of  the 
weedy  annual  Russian  thistle. 

Past  revegetation  experience  at  C-b  Tract  at  old  drill 
pad  sites  has  shown  that  weedy  annuals  such  as  Russian  thistle  tend  to  dominate 
the  revegetated  sites  the  first  two  growing  seasons  with  the  seeded  perennial 
grass  and  forb  species  taking  over  dominance  in  the  third  and  subsequent  years. 
Therefore,  next  year's  data  (third  growing  season)  are  expected  to  show  an 
increase  in  dominance  of  those  species  included  in  the  seed  mix  used.  We  should 
then  be  able  to  state  whether  or  not  the  revegetated  topsoil  piles  are   advancing 
towards  a  desired  plant  community  or  it  is  in  a  state  of  regression. 

8.9.2  Productivity 

8.9.2.1  Scope 

Sampling  was  done  on  the  two  topsoil  piles  described 
in  the  previous  sections.  The  parameter  being  sampled  is  herbaceous  produc- 
tivity. Sampling  included  determination  of  the  productiveness  of  individual 
species  as  well  as  the  site  as  a  whole. 

8.9.2.2  Objectives 

Herbaceous  standing  crop  on  revegetated  sites  is 
measured  in  order  to  determine  successive  changes  in  this  parameter  over  time 
and  to  evaluate  the  productivity  of  these  sites. 

8.9.2.3  Experimental  Design 

A  double  sampling  technique  was  used  to  determine  pro- 
duction. Twenty-five  1.0  m^  quaorats  were  sampled.  Qucidrats  from  both  top- 
soil  piles  were  again  combined  to  make  a  total  of  25  data  points  (13  quadrats 
from  one  pile  and  12  from  the  other).  At  the  time  of  estimated  peak  standing 
crop,  an  ocular  estimate  of  the  current  year's  growth  of  each  species  for  each 
quadrat  was  made.  Additionally,  five  of  the  quadrats  were  clipped  and  individu- 
al species  were  bagged  separately.  The  clipped  species  were  returned  to  the 
lab,  oven-dried  to  a  constant  weight  and  weighed  to  the  nearest  0.01  gram.  A 
regression  equation  for  ocular  estimates  to  oven  dry  weights  was  determined  and 
the  ocular  estimates  were  adjusted  accordingly. 

8.9.2.4  Method  of  Analysis 

Yearly  production  of  weedy  annual  species  vs.  desired 
perennial  species  is  compared,  as  well  as  the  productiveness  of  the  revegetated 
site  as  a  whole  vs.  the  productiveness  of  the  major  vegetation  types  on  Tract. 
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No  hypotheses  testing  for  significant  differences  will  be  done,  due  to  the  lack 
of  a  comparable  control  site  and  success ional  changes  expected. 

8.9.2.5  Discussion  and  Results 

Fresh  weight  estimates  for  each  of  the  25  quadrats 
sampled  are  presented  in  Table  A8.9.2-1.  Oven  dry  weight  data  for  the  five 
clipped  quadrats  are  presented  in  Table  A8.9.2-2.  Regression  equations  (Table 
A8.9.2-3)  were  developed  for  each  individual  species  to  convert  fresh  weight 
estimates  (x)  to  oven  dry  weight  estimates  (y)  based  on  the  quadrats  which  were 
both  estimated  ana  clipped. 

Mean  total  production  of  the  topsoil  piles  was  86.9 
g/m^  (775  lbs. /acre).  Most  of  the  production  is  attributable  to  intermediate 
wheatgrass,  Russian  thistle  and  pubescent  wheatgrass  (Table  A8.9.2-4). 

The  desired  perennial  grasses  and  forbs  had  a  combined 
mean  production  of  58.6  g/m^  (523  lbs. /acre)  compared  to  a  combined  mean  pro- 
duction of  28.3  g/m^  (252  lbs. /acre)  for  the  weedy  annuals. 

Mean  total  production  of  range  cages  is  used  here  for 
coniparison  of  the  revegetated  area  vs.  the  productiveness  of  the  major  vegeta- 
tion types  on  the  Tract.  Mean  total  production  of  the  chained  pinyon-juniper 
rangelands  was  40.7  g/m^  (363  lbs. /acre).  Mean  total  production  of  the 
pinyon-juniper  woodland  was  10.4  g/m^  (93  lbs. /acre).  Mean  total  production 
of  the  upland  sagebrush  community  type  was  42.7  g/m^  (381  lbs. /acre).  Mean 
total  production  of  the  bottomland  sagebrush  community  was  27  g/m^  (241 
lbs. /acre).  These  mean  total  productions  compare  with  the  mean  total  production 
of  86.9  g/m^  (775  lbs. /acre)  of  the  revegetated  dreA.     As  can  be  seen,  the 
revegetated  area  is  a  little  more  than  twice  as  productive  as  the  most  produc- 
tive vegetation-type  on  tract.  Even  with  the  mean  production  of  the  weedy 
annuals  (28.27  g/m^)  subtracted  from  the  total  mean  production  (net  result  of 
58.59  g/m*^,  or  523  lbs. /acre),  the  revegetated  area  is  still  more  productive 
than  the  major  vegetation  types. 

8.9.2.6  Conclusions 

There  are   two  conclusions  which  can  be  made  from  the 
first  year's  aata  of  the  revegetated  topsoil  piles.  (1)  The  production  of  the 
perennial  species  is  greater  than  that  of  the  annual  species  (approximately  48% 
greater).  (2)  The  production  of  the  revegetated  area  is  greater  than  that  of 
the  major  vegetation  types  on  tract. 

8.9.3  Demonstration  Plot 

No  demonstration  plot  for  revegetation  has  been  constructed. 
Demonstration  plots  of  limited  scale  are  expected  to  be  constructed  during  1981 
for  both  processed  and  raw  shale.  The  appropriate  OSO  personnel  will  be  noti- 
fied of  demonstration  plot  specifics  prior  to  construction. 
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8.10  Systems  Dependent  Monitoring 

Additional  aquatic  studies,  sublethal  biochemical  studies,  and  soil 
plant  elemental  analysis,  are  potential  system  dependent  monitoring  programs. 
They  were  not  "triggered"  by  indicator  variables,  and  therefore  no  monitoring 
for  them  was  accomplished  during  1980.  However,  additional  monitoring  in  areas 
of  the  land  application  (sprinkler)  system  is  systems  dependent  and  is  discussed 
in  Sections  8.7.1,  8.7.2  and  8.11.2. 

8.11  Special  Projects 

The  main  purposes  of  these  special  projects  are  to  mitigate  effects 
that  oil  shale  development  may  have  on  fish  and  wildlife  and/or  to  fulfill  Lease 
requirements.  These  projects  will  be  continued  on  a  yearly  basis  depending  upon 
the  successfulness  and  usefulness  of  each  individual  project. 

8.11.1  Brush  Beating  Project 

Two  sagebrush  gulches  (Gardenhire  and  Old! and)  were  brush  beat- 
en as  a  mitigation  project  to:  (1)  improve  forage  for  wildlife  and  livestock, 
(2)  reduce  deer  winter  range  use  by  livestock,  and  (3)  reduce  the  deer  roadkill. 
The  beating  was  conducted  to  provide  more  forage  for  deer  in  areas  were  it  was 
lacking.  In  addition,  catch  basins  were  built  to  collect  spring  runoff  and  pos- 
sibly reduce  the  number  of  deer  crossing  the  highway  for  water. 

The  mature  sagebrush  stands  were  knocked  down  by  a  D-8  Cater- 
pillar  equipped  with  an  8000  pound  brush  beater.  The  mature  sagebrush  was 
killed  and  the  areas  were  reseeded.  Table  8.11.1-1  shows  the  work  done  in  these 
gulches.  The  areas  were  seeded  with  broadcast  seeders  using  a  mixture  of  early 
spring  grasses,  forbes  and  browse  species.  The  application  rate  was  approxi- 
mately 18  lbs/acre.  Table  8.11.1-2  gives  the  species  mixture  applied.  Both 
developmental  and  control  transects  for  deer-pellet  group  density  and  lagomorph 
abundance  were  established  to  evaluate  use  in  the  areas.  Sampling  was  also  done 
for  vegetation  species  and  composition. 

Vegetation  sampling  consisted  of  sampling  herbaceous  species 
and  shrubs,  with  the  exception  of  sagebrush  (Artemisia  tridentata),  for  species 
frequency  and  annual  production.  Sampling  was  done  along  randomly  located  tran- 
sect lines,  one  each  in  both  gulches  where  brush  beating  occurred  and  one  con- 
trol transect  (no  brush  beating).  Each  transect  consisted  of  sampling  25  one- 
square-meter  quadrats. 

Frequency  was  determined  for  individual  species  encountered  at 
each  site.  Mean  annual  production  was  determined  for  individual  species  as  well 
as  entire  sites.  Production  was  determined  using  a  double  sampling  approach 
described  in  Section  8.7.2.3.  The  data  and  results  are  listed  in  Tables 
A8.11.1-1  through  A8. 11. 1-10  of  the  Appendix. 

More  species  were  encountered  in  the  two  brush  beating  sites 
than  in  the  control  site.  There  were  17  different  species  in  Oldland  Gulch,  16 
in  Gardenhire  Gulch  and  11  in  the  control  site.  Mean  herbaceous  production  for 
the  entire  brush  beating  sites  was  approximately  twice  as  productive  as  that  for 
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TABLE  8.11.1-1 
Brush  Beating 


Area         Gardenhire  Gulch  Oldland  Gulch 

51  Acres  51  Acres 

Sagebrush    Mature  sagebrush  up  to  7'  tall     Mature  saaebrush  up  to  10' 

tall 

brush  beat  Late  winter  79-80  Early  winter  79-80 

seeded  After  brush  beating  Before  brush  beating 

harrowed  Yes  No 

Cattle  use  Rest  Rotation  -  1980  Rest  Rotation  -  19S0 

catch  basin         One  One 

♦Transects      Two  deer  pellet  group  density       Two  Transects 

and  Lagomorph  abundance  transects 

Photo  Points        Two  Two 


*  Three  control  transects  were  established  in  adjacent  draws. 
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TABLE  8.11.1-2 


Sagebursh  Kitigation 
Species  Mixture  for  Planting  in  the  Big  Sagebrush  Type 


LBS/ACRE 
SPECIES  DRILLED  BROADCAST 


Grasses:  *  Agropyron  cristatum 

*  A.  smithii  (rosana) 

*  A.  intermedium  (amur) 

*  Elymus  cinereus 

*  E.  junceus 
Forbs:    *  Medic  ago  sativa 

*  Mel i lotus  officinal  is 

*  Atriplex  canescens 

*  Eurotia  lanata 

*  Purshia  triaentata 


*  Seed  (P.L.S.  -  Pure  Live  Seed) 


-  crested  wheatgrass 

2 

3 

-  western  wheatgrass 

1 

2 

-  intermediate  wheat- 

1 

1 

grass 

-  Great  Basin  wildrye 

1 

2 

-  Russi  an  wi Idrye 

3 

4 

-  Alfalfa 

1/2 

1/2 

-  yel low  sweet  clover 

1/2 

1/2 

-  four  wing  saltbrush 

2 

3 

-  winterfat 

1 

1 

-  bitterbrush 

1/2 

1/2 

TOTAL  12        18 

LBS/ACRE 
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the  control  site.  Mean  annual  herbaceous  production  in  Oldland  Gulch  was  37.2 
g/in^  (322  lbs/acre),  in  Gardenhire  Gulch  production  was  36.07  g/m"^  (158  lbs. 
acre) . 

Results  indicate  that  opening  the  canopy  cover  of  sagebrush 
through  the  use  of  a  brush  beater  increases  species  abundance  and  herbaceous 
species  production. 

8.11.2  Raw  Shale  Lysimeter  Tests 

The  raw  shale  lysimeters  were  constructed  to  fulfill  Lease 
requirements  to  ensure  that  degradation  of  the  environment  with  contaminated 
runoff  water  from  the  shale  piles  does  not  occur. 

Three  raw  shale  lysimeters  were  constructed  in  November  and 
December  1980.  Each  of  the  lysimeters  has  a  collecting  surface  area  measuring 
10'  X  10'.  The  three  collectors  were  covered  with  raw  shale  mined  from  the 
Intermeaiate  Void  Level  of  the  Production  Shaft  and  the  Upper  Voil  Level  of  the 
Ventilation/Escape  Shaft  to  depths  to  10,  15,  and  20  feet,  respectively.  The 
three  collectors  ire   constructed  entirely  of  teflon  components  to  minimize 
contamination  (see  Figure  8.11.2-1). 

No  leachate  data  were  collected  from  the  lysimeters  during 
1980.  The  leachates  will  come  from  precipitation  that  percolates  through  the 
raw  shale  to  the  collectors.  The  following  is  a  list  of  parameters  for  analysis 
in  the  leachates  from  the  raw  shale  lysimeters: 

0  Comprehensive  Analysis  on  Selected  Samples  -  Aluminum,  Ammonia,  Arsenic, 
Asbestos,  Barium,  Beryllium,  Bicarbonate,  Boron,  Cadium,  Calcium,  Carbon- 
ate, Chloride,  Chromium,  Cobalt,  Copper,  Cyanide,  Flouride,  Iron,  Lead, 
Lithium,  Magnesium,  Manganese,  Mercury,  Molybdenum,  Nickel,  Nitrate, 
Total  Nitrogen,  Phosphate,  Total  Phosphorus,  Potassium,  Selenium,  Silica, 
Silver,  Sodium,  Strontium,  Sulfate,  Sulfide,  Thallium,  Thiosulfate,  Tin, 
Titanium,  Uranium,  Vanadium,  and  Zinc. 

Alkalinity,  Conductivity,  pH,  TDS,  DO,  and  Temperature,  Organic  Fraction- 
ization. 

0  Routine  Analysis  for  Each  Sample  -  Aluminum,  Bicarbonate,  Boron,  Calcium, 
Carbonate,  Chloride,  Flouride,  Magnesium,  Molybdenum,  Potassium, 
Selenium,  Silica,  Sodium,  Sulfate,  Thiosulfate,  and  Zinc. 

Alkalinity,  Conductivity,  pH,  TDS,  DO,  and  Temperature. 

8.11.3  Excess  Mine  Water  Disposal  -  Land  Application  System  Impacts 

8.11.3.1  Scope 

Excess  mine  water  was  disposed  on  approximately  100 
acres  using  large  sprinklers  starting  in  mid-July  and  ending  in  mid-Ocotober . 
Sprinkling  is  limited  to  spring,  summer  and  fall  months  during  the  time  when 
atmospheric  and  vegetative  water  demands  are   relatively  high.  During  this  per- 
iod, water  can  be  safely  applied  by  sprinkling  with  a  limited  risk  of  disrupting 
the  environmental  balance. 
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The  principal  mechanisms  of  water  disposal  to  the  air  are  evap- 
oration, from  the  time  water  leaves  the  nozzle  until  the  soil  and  plant  surfaces 
are  dry,  and  transpiration  when  the  leaf  stomata  are  open.  Evaporation  and 
transpiration  should  balance  (consume)  the  amount  of  water  applied  to  the  soil 
by  precipitation  and  sprinkling  to  limit  water  percolating  below  the  root  zone. 
This  limits  leaching  of  salts  from  the  soil  thus  preserving  groundwater  quantity 
and  qual i  ty. 

Salt  in  the  applied  water  is  concentrated  in  the  soil  by  evapo- 
transpiration  when  leaching  is  avoided.  Plants  will  benefit  from  the  irrigation 
as  long  as  the  salinity  of  the  soil  and  specific  ion  concentrations  do  not  reach 
toxic  levels. 

Potential  hazards  associated  with  salts  in  the  irrigation  water 
when  applied  by  sprinkler  are  their  accumulation  in  and  on  vegetation.  High 
levels  of  specific  ions  in  the  foliage  can  effect  the  plant  and  aninials  that 
consume  large  quantities  of  the  vegetation.  Some  plants  are  sensitive  to  sodium 
and  boron  while  flouride  can  harm  animals. 

8.11.3.2  Objective 

The  purpose  of  this  stuay  is  to  monitor  the  environ- 
ment and  to  control  the  irrigation  application  such  that  the  maximum  amount  of 
excess  mine  water  can  be  safely  disposed  via  the  evapotranspirat ion  processes 
without  significant  deep  percolation. 

The  system  is  managed  so  that  deep  percolation  is 
limited,  toxic  soil  salt  levels  are  avoided,  and  salts  accumulated  on  or  in  the 
plant  foliage  will  not  damage  plants  or  the  animals  that  consume  it.  Using  the 
results  of  the  study  to  date,  recommendations  are  made  for  operating  the  system 
in  the  future  and  for  continuing  the  monitoring  program. 

8.11.3.3  Experimental  Design 

The  sprinkler  system  was  only  operated  during  the 
latter  part  of  the  1980  season.  Thus  the  monitoring  procedures,  sprinkler 
equipment  and  field  procedures  were  only  tested  for  a  relatively  short  period  of 
time.  Treatments  designed  for  the  study  are  presented  in  Table  8.11.3-1.  Fig- 
ure A8.11.3-1  shows  a  sketch  of  the  irrigation  system  layout  including  the  loca- 
tions of  the  sample  (treatment)  sites. 

Water  Distribution  System 

Water  was  pumped  from  Pond  C  to  and  through  the  main- 
line which  is  buried  on  the  ridge  top.  Sprinkler  laterals  were  placed  at 
approximately  right  angles  to  the  main  (see  Figure  A8.11.3-1).  Quick-coupled 
big-gun  sprinklers  were  attached  to  risers  on  stands  along  the  laterals.  The 
system  was  designed  to  deliver  220  gallons  per  minute  (gpm)  to  each  of  two  oper- 
ating sprinklers  for  a  total  of  440  gpm.  Rainbird  Model  105CS  sprinklers  with 
0.89  inch  straight  bore  nozzles  discharged  the  water  over  a  circular  area  having 
a  wetted  radius  of  approximately  160  feet.  The  average  application  rate,  using 
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TABLE  8.11.3-1 


Treatments  and  Items  Measured  During  the  Impact  Study  of  Excess 
Mine  Water  Disposal  by  Irrigation  During  the  1980  Season. 


Set 

Set 

Irrigat  ion 

Number  of  Samples  and 

Time 

Period 

Interval 

Items  Monitored 

Treatment 

Hours 

11 

days 2/ 

3/ 

4ay 

18 

Random 

15 

10P£/,  4W 

4b 

12 

Random 

15 

lOP,  4W 

5a 

18 

Random 

15 

lOP,  3,  4W 

5b 

12 

Random 

15 

lOP,  lOB,  lOF,  S,  low,  5Na 

5c 

6 

Random 

15 

S,  4W 

6b 

12 

Day 

15 

SB,  5F,  5Na 

7c 

6 

Day 

76/ 

58,  5F,  S,  4W,  5Na 

8b 

12 

Night 

15 

SB,  5F,  SNa 

C 

-- 

-- 

-- 

4W 

£'   Period  of  time  when  irrigated 


£'  Actual  intervals  used  varied  considerably  (see  irrigation  data  in 
Table  8.11.4-3). 

_   Letters  represent  the  following: 

P  -  Herbaceous  productivity 
S  -  Soil  Sample 
W  -  Soil  Water 


B  -  Plant  boron 
F  -  Plant  flouride 
Na  -  Plant  Sodium 


4/ 


Treatments  4a  and  4b  received  application  of  200  lbs  N  and  100  lbs  P 
~      per  acre. 

^     Herbaceous  productivity  determined  \j)j   Cathedral  Bluffs  Oil  Shale  Co. 

^'      Two  irrigations  per  IS  day  interval. 
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the  flow  rate  and  wetted  area,  was  0.67  centimeters  per  hour  (cm/hr)  or  8.0  cm 
per  12  hours.  The  standard  operating  time  was  12  hours  per  set  except  in  the 
study  area.  Various  application  amounts  were  applied  in  the  intensively  moni- 
tored study  areas.  The  different  amounts  were  achieved  by  using  application 
times  of  6",  12,  and  18  hours,  giving  4.0  cm,  8.0  cm  and  1^.0  cm  application 
amounts  (Table  8.11.3-1). 

8.11.3.4  Methods  of  Analysis 

Soil  Water 

Drainage  (deep  percolation)  below  the  root  zone  can  be 
estimated  from  the  water  applied  at  a  given  point  and  changes  in  soil  moisture 
as  a  function  of  time  and  aepth.  However,  this  was  not  cone  in  the  1980  season 
because  of  lack  of  data.  Deep  percolation  can  also  be  estimated  from  a  water 
budget  using  a  method  of  calculating  comsumptive  water  use  from  meteorologic 
aata  which  was  available  at  the  site. 

Water  content  was  initially  measured  by  the  gravimet- 
ric technique  (mass  basis)  and  later  by  using  a  Campbell  Pacific  Hydroprobe 
neutron  moisture  meter  (see  aata  in  Table  A8.11.3-2).  An  Oal<field  soil  sampler 
was  used  to  extract  samples  for  measuring  soil  moisture  on  a  mass  basis.  To 
convert  these  to  a  volume  basis,  which  was  necessary  for  comparison  with  the 
Hydroprobe  readings,  they  were  multiplied  by  the  bulk  density  of  the  soil  which 
was  approximately  1.1  grams  per  centimeter  cubed  (g/cm-^).  Thus,  the  gravimet- 
ric and  volumetric  water  contents  were  nearly  the  same. 

The  Hydroprobe  was  not  delivered  until  late  in  the 
season  and  was  only  used  to  take  the  final  moisture  readings.  Access  tubes  for 
the  Hydroprobe  were  installed  to  the  full  soil  depth  in  appropriate  treatments 
to  allow  more  convenient  measurement  of  soil  moisture  before  and  after  each 
irrigation.  If  the  volumetric  soil  moisture  at  the  lower  depths  is  above  field 
capacity  (=32%)  after  an  irrigation,  it  can  be  assumed  that  deep  percolation  is 
likely  and  the  amount  of  irrigation  should  be  reduced  or  the  interval  between 
irrigation  increased.  Use  of  the  Hydroprobe  will  facilitate  rapid  and  accurate 
moisture  readings  to  use  in  irrigation  management  in  future  seasons. 

Soil  Water  Quality 

Excess  mine  water  was  sampled  periodically  and 
analyzed.  Boron,  total  dissolved  solids  (TDS),  and  fluoride  levels  are  present- 
ed in  Table  A8. 11. 3-3. 

Soil  salt  movement  and  accumulation  were  estimated 
from  the  pH,  electrical  conductivity  of  saturation  extracts  (ECe),  exchangeable 
sodium  percentage  (ESP),  and  boron  concentration  (see  data  in  Table  A8. 11*3-4). 
Samples  were  taken  with  an  engine  powered  soil  auger  on  June  5  in  conjunction 
with  the  installation  of  the  Hydroprobe  access  tubes.  On  December  16,  an  Oak- 
field  soil  auger  was  used  to  extract  the  soil  samples  at  the  same  locations. 
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Foliar  Salts 

Indian  ricegrass  (Oryzopsis  hymenoides) ,  western 
wheatgrass  (Agropyron  smith i  i ) ,  and  big  sagebrush  (Artemesia  tridentata 
wyomingenses  or  Artemesi a  tridentata  tridentata)  were  caged  and  in  each  case  new 
growth  was  sampled  (see  data  in  Tables  A8.11.3-5  -  A8.11.3-7).  Samples  were 
taken  on  June  5  and  December  16  from  the  same  plants  or  an  adjacent  area.   In 
treatment  areas  where  both  soil  moisture  and  foliage  were  sampled  the  plant 
samples  were  taken  from  plants  near  the  access  tubes. 

8.11.3.5  Results  and  Discussion 

Deep  Percolation  and  Lateral  Seepage. 

Water  budgeting  was  used  to  estimate  deep  percolation 
by  accounting  for  daily  consumptive  use  and  estimating  the  available  soil  water 
storage  for  use  by  the  plants.  The  process  begins  by  assuming  no  stored  water 
is  available.  Following  the  first  and  subsequent  irrigations,  water  is  consumed 
at  a  rate  proportional  to  atmospheric  water  demand.  The  estimated  amount  of 
water  used  each  day  is  subtracted  from  the  stored  water.   Irrigation  and  pre- 
cipitation replace  the  depleted  water.  When  more  water  was  added  than  the  soil 
could  store,  deep  percolation  was  assumed. 

Estimates  of  daily  consumptive  water  use,  ET,  and 
available  water  storage  are  used  in  the  water  budgeting  process.  The  Hargreaves 
equation  (1977)  was  used  to  estimate  potential  daily  evapotranspirat ion  (ETP) 
using  weather  data  presented  in  Table  A8.11.3-8.  A  five  percent  loss  from  drift 
and  direct  evaporation  from  spray  was  assumed  (EFF  =  95%).  The  weighted  average 
crop  cover,  C  =  0.70,  was  estimated  by  assuming  an  average  irrigation  interval 
of  21  days  with  full  ET  for  the  first  2  days  following  each  irrigation  and  an 
average  crop  cover  (density)  of  2/3.  Crop  canopy  architecture  was  assumed  to  be 
similar  to  alfalfa  so  K  =  1.2  was  used  as  the  crop  coefficient  to  give  the  fol- 
lowing equation  for  predicting  daily  ET: 

ET  =  -, ETP 

EFF/100 


where 


0.70  X  1.2 
.95 


(0.0075  (1.8  T  +  32)  RS)/(595.9  -  0.55  T) 


ET  =  consumptive  use  or  evapotranspiration  in  cm/day 
T  =  average  daily  temperature  in  "C 
RS  =  the  solar  radiation  in  Langleys/day. 

Both  radiation  and  temperature  aata  were  recorded  at 
the  C-b  tract,  however,  the  radiation  data  received  from  C.B.  for  1980  appeared 
to  be  in  error  when  compared  to  past  years'  data  from  the  C-b  Tract  and  1980 
radiation  data  collected  at  Grand  Junction.  The  C-b  radiometer  gave  an  average 
of  336  Langleys/day  for  July  1980  versus  633  at  Grand  Junction.  Past  years' 
daily  average  at  the  C-b  Tract  for  July  are:  538  Langleys  in  1975,  558  Langleys 
in  1976,  520  Langleys  in  1977  and  567  Langleys  in  1979.  Therefore,  the  C-b 
Tract  solar  radiation  data  was  discarded  and  the  Grand  Junction  data  were  used 
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to  approximate  RS.  This  appears  to  be  a  reasonable  procedure  in  view  of  the 
proximity  of  the  two  locations,  surrounding  topography  and  the  fact  that  Grand 
Junction  data  are  fnore  comparable  to  past  years'  data  collected  at  C-b  Tract 
than  the  1980  C-b  Tract  data.  C-b  data  errors  were  recently  corrected,  however, 
not  in  time  for  this  annual  report. 

The  following  relationship  for  estimating  solar  radia- 
tion (RS)  based  on  Hargreaves  (1981)  was  used  (in  the  general  equation)  for 
estimating  dai ly  ET: 

RS  =  b  (RA  X  (AT)^/2) 

where 

b  is  a  coefficient  which  varies  with  location 
RA  is  the  extraterrestrial  radiation  in  Langleys/day 
aT  is  the  difference  between  the  maximum  and  mininium  aaily 
temperature  in  °F 

The  average  July  1980  value  of  RS  =  633  Langleys/day 
at  Grand  Junction  (Table  A8.11.3-9);  RA  =  1000  calculated  from  Christiansen 
(1968);  and  the  average  daily  AT  =  21.7  "F  during  July  1980  at  the  C-b  Tract 
were  used  to  compute  b  =  0.136. 

Available  water  storage  capacity  was  calculated  from 
the  Hydroprobe  neutron  moisture  readings  taken  October  17  (Table  8.11.3-2). 
The  unirrigated  control  treatment  values  were  used  to  calculate  the  lower  limit 
of  available  water  (12.5%)  and  treatment  5a  was  selected  for  the  upper  limit 
(32%)  since  it  was  the  last  to  be  irrigated.  The  aifference  between  these  val- 
ues was  then  multiplied  by  an  average  soil  depth  of  61  cm  to  arrive  at  12  cm  of 
available  water  storage  for  use  by  the  plants.  This  is  assumed  to  be  the  maxi- 
mum amount  of  water  which  can  be  safely  stored  without  deep  percolation. 

Estimated  quantities  of  deep  percolation  calculated  by 
the  water  budget  method  are  presented  in  Table  8.11.3-3.  A  range  of  application 
times  from  6  to  18  hours  giving  4  to  12  cm  of  average  application  per  irrigation 
was  tested.  Under  the  given  irrigation  frequency  for  treatment  5a,  with  12  cm 
application,  it  was  estimated  that  19.0  cm  or  one  third  the  water  applied  went 
to  deep  percolation.  Deep  percolation  for  treatment  5b  with  8  cm  applications 
(standard  set  time  for  the  entire  system)  was  estimated  as  1.3  cm.  With  the 
lighter  irrigations  (4.0  cm)  but  similar  intervals  between  irrigations,  treat- 
ment 5c  produced  no  deep  percolation.  For  treatment  7c  with  4.0  cm  applications 
twice  as  often,  according  to  the  water  budget  analysis  there  was  no  calcualted 
deep  percolation. 

The  importance  of  irrigation  scheduling  is  exemplified 
by  the  difference  in  losses  between  treatments  5a,  5b,  5c,  and  7c.  Generally, 
as  the  depth  of  applied  water  per  irrigation  increases,  the  interval  between 
irrigations  should  also  be  increased  for  a  given  soil  water  hold  capacity.  Even 
with  the  18  hour  set,  giving  12  cm  of  applied  water,  deep  percolation  could  be 
controlled  if  sufficient  time  were  allowed  between  irrigations;  but  all  the 
available  water  would  have  to  be  consumed  between  irrigations  to  avoid  deep  per- 
colation. Availability  of  soil  water  is  enhanced  by  irrigating  more  frequently 
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TABLE  8.11.3-2 

Average  Volumetric  Water  Content  at  the  Beginning 
and  End  of  the  Irrigation  Period 


Treatment 

Depth  Interval 
Feet 

Water  C 
June 

5a 

0-1 
1-2 

13a2/ 
21a 

5b 

0-1 
1-2 
2-3 

17a 
25a 
25a 

5c 

0-1 
1-2 

11a 
20a 

7c 

0-1 
1-2 

10a 
20 

16^/ 

0-1 
1-2 
2-3 

16 
17 

21 

L2li/ 

0-1 
1-2 
2-2.5 

15 
17 
19 

Contro 

,4/ 

0-1 
1-2 

14 
18 

October  17 


30b 
34b" 

30b 
33b 


20b 
19 

24b 
25 

17 
16 


15 
18 


13 
12 


2/ 


_   Gravimetric  technique  used  June  5,  neutron  scattering  method  used 
October  17. 


2/ 


3/ 

4/ 


Values  in  same  row  followed  by  different  letters  differ  at  the  0.05 
probability  level  by  the  T  test. 

L  refers  to  lateral  seepage  areas  west  of  sprinkler  laterals  5  and  21 

Nonirrigated  treatment  located  near  sprinkler  site  21. 
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with  less  than  the  maximum  soil  water  holding  capacities  of  12  cm.  With  fre- 
quent irrigations,  giving  a  favorable  soil  water  status  near  field  capacity,  ET 
will  remian  near  the  peak,  depending  only  on  the  atmospheric  demand.  However, 
the  practical  irrigation  frequency  is  limited  by  labor  and  scheduling  considera- 
tions. 

Lateral  seepage  outside  the  sprinkled  areas  was  estima- 
ted by  observing  changes  in  the  soil  moisture  content  down  slope  from  the  irri- 
gated area  at  the  L6  and  L21  seepage  test  sites  indicated  on  Figure  A8.11.3-1. 
The  L5  and  L21  data  presented  in  Table  8.11.3-2  show  little  change  in  moisture 
content  with  time.  This  indicates  that  there  was  little  lateral  seepage  from 
the  sprinkled  area. 

Salt  transport  and  accumulation  are  important  in  moni- 
toring water  percolating  out  of  the  root  zone.  Checking  the  salt  balance  is  one 
method  for  estimating  whether  deep  percolation  has  occurred  in  an  area  sprinkled 
with  a  known  quality  and  quantity  of  water.  The  ECe  would  increase  in  propor- 
tion to  the  mass  of  salt  added  with  the  irrigation  water  during  the  season 
assuming  dissolution  and/or  precipitation  does  not  occur. 

According  to  Richards  (1954)  the  relationshop  between 
the  estimated  change  in  ECe  and  the  change  in  the  mass  of  salt  per  unit  soil 
mass  is: 

AP55IOO 
^^^^  =   aPw  (0.O64) 

where 

AEce  is  the  change  in  electrical  conductivity  of  the  soil  saturation  ex- 
tract. 
aPss  is  the  change  in  mass  of  salt  per  mass  of  soil  expressed  as  a 

percent. 
APyy  is  the  soil  water  content  at  saturation  which  is  equal  to 
(1  _MlLieniity  ^^^  ^.  ^^^^ 
2.65 

The  mass  of  salt  applied  by  irrigation,  calculated 
from  the  depth  of  water  applied  over  a  unit  area  and  the  total  dissolved  salts 
presented  in  Table  8.11.3-3,  is  divided  by  the  51  cm  deep  soil  mass  in  the  unit 
area  to  find  AP55.  It  should  also  be  pointed  out  that  in  the  calculated  ECe 
methodology,  total  dissolved  solids  were  used  rather  than  total  dissolved  salts. 
This  would  tend  to  overestimate  the  calculated  ECe  since  not  all  the  solids  are 
charged  particles. 

Soil  chemical  data  which  were  taken  at  the  beginning 
and  end  of  the  irrigation  season  are  summarized  in  Table  8.11.3.4  for  treatments 
5a,  5b  and  5c,  and  7c.  The  ECe  at  the  end  of  the  season  is  practically  the  same 
in  the  top  foot  of  soil  as  it  was  at  the  beginning  of  the  season.  However, 
according  to  the  salt  balance  it  should  have  increased  if  either  leaching  or 
precipitation  had  not  occurred.  Leaching  (especially  in  the  top  foot  of  soil) 
and  precipitation  effects  are  confounded  in  this  analysis;  thus  an  estimate  of 
deep  percolation  based  on  a  salt  balance  analysis  is  not  meaningful. 
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Irrigation  Scheduling 

The  frequency  of  irrigation  and  depth  of  water  stored 
during  each  irrigation  are  closely  related.  Short  set  times  giving  shallow 
depths  of  applied  water  require  frequent  irrigations.  A  convenient  set  time  is 
12  hours  with  2  sprinkler  head  moves  per  day.  With  12  hour  sets,  8  cm  of  water 
are  applied  per  application.  A  depletion  of  8  cm  is  75%  of  the  available  mois- 
ture in  a  2-foot  (61  cm)  root  zone.  This  minimizes  the  labor  input  while  main- 
taining high  consumptive  use  rate  without  deep  percolation. 

Figure  8.11.3-1  gives  estimates  of  the  rate  at  which 
water  can  be  safely  disposed  on  a  per  acre  basis  by  native  vegetation  under 
irrigated  conditions  at  the  C-b  Tract  sprinkler  site  auring  the  1980  season. 

Monthly  averages  of  radiation  and  temperature  at  Grand 
Junction  coupled  with  temperature  data  from  C-b  Tract  were  used  to  develop  the 
curve  (see  Table  AS. 11. 3-9  for  details).  The  gal lons-per-minute  figures  rep- 
resent the  continuous  (24-hr/day)  gross  flow  rates  per  acre  which  would  replen- 
ish the  water  consumed  through  ET.  For  example,  to  dispose  of  440  gpm  in  June 
and  July  would  require  sprinkling  approximately  115  acres  but  in  September  the 
system  would  need  to  be  expanded  to  cover  220  acres  (440/2.25)  in  order  to  min- 
imize deep  percolation. 

Pan  Evaporation  Estimation 

Estimates  of  pan  evaporation  can  be  made  using  avail- 
able weather  data  in  the  Hargreaves  equation  as  mentioned  earlier.  Appropriate 
constants  were  tounu  in  "Crop  Water  Reuuirements ,"  published  by  FAG  in  1975. 
Under  climatic  conditions  similar  to  those  at  the  C-b  Tract,  with  strong  winds, 
a  pan  surrounaed  by  dry  land,  and  a  long  fetch,  the  relationship  between  pan 
evaporation  and  consumptive  use  accordinq  to  Hargreaves  (1977)  is: 

Epan  =  2.07  ET 
where 

^pan  ^s  pan  evaporation,  cm/day 

ET  is  consumptive  use  with  100%  alfalfa  crop  cover,  cm/day 

An  attempt  was  made  to  develop  a  regression  equation 
which  related  Ep^n  measurements  taken  late  in  the  season  to  ET  but  more 
than  50%  of  the  variation  was  unexplained. 

Soil  Chemical  Properties 

Some  salts  from  the  applied  mine  water  concentrated  in 
the  soil  as  the  plants  extracted  water  and  as  it  evaporated  from  the  soil  sur- 
face. These  can  be  harmful  to  the  plants  if  safe  tolerance  levels  are   exceeded. 
The  exchangeable  sodium  percentage  (ESP),  pH,  and  boron  concentration  which  are 
presented  in  Table  8.11.3-4  were  measured  before  and  after  sprinkling  to  monitor 
possible  ion  toxicity  and  nutrient  availability.  High  exchangeable  sodium  can 
cause  toxicity  to  plants  as  well  as  reduce  the  water  infiltration  capability  of 
the  soil  which  encourages  runoff.  Nutrient  availability  is  strongly  related  to 
soil  pH.  Boron  can  cause  plant  damage  even  at  low  concentrations. 


J3- 


6PD 
ACRE 

5340 

^ 

GPiM 
ACRL 

3.75 

4280 

/ 

3.80 

3210 

/ 

s^ 

2.25 

2140 

\ 

\, 

1.50 

1070 

V 

0.75 

Ap 

ri1   H 
9 

ay   \' 
3    2 

ay   Ju 
7     2 

ne   Ju 
0     1 

ly    A 

4 

UQ,    A 
7     3 

ua.  Sept.   Oct. 
r    24     18 

FIGURE  8.11.3-1 


Simulated  Gross  Consumptive  Use  Curve  at  C-b  Tract  in  Gallons  Per  Day  Per  Acre 
(gpd/acre)  (Assuming  24  Hour  Operation  or  Gallons  Per  Minute  Per  Acre 
(gpm/acre)  Based  on  Hargreaves  (1977)  Equation  Using  1980  Monthly 
Temperature  and  Estimated  Radiation.  (See  Table  A8  11  ^-9  ) 
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Criteria  for  soil  nutrient  availability  and  soil  tox- 
icity have  been  developed  by  researchers.  Over  the  range  of  pH  values  measured 
in  treatments  5a,  5b,  5c,  and  7c,  nutrients  should  be  readily  available  to  the 
plants  according  to  Buckman  and  Brady  (1969).  Maas  and  Hoffman  (1977)  published 
criteria  for  ECe,  ESP,  and  boron.  ECe  of  less  than  or  equal  to  2.0  mmhos/cm  may 
cause  a  slight  yield  reduction  only  in  the  more  sensitive  forage  crops.  Some 
forage  crops,  such  as  western  wheatgrass,  can  tolerate  ECe  levels  as  high  as  12 
mmhos/cm  with  little  loss  in  production.  None  of  the  treatments  had  ESP's  of  10 
or  greater  so  no  injury  should  result  from  sodium. 

Boron  concentrations  greater  than  or  equal  to  2.0  ppm 
can  cause  damage  to  sensitive  crops.  Boron  concentrations  in  all  treatments 
were  less  than  the  harmful  (or  toxic)  levels  as  shown  in  Table  8.11.3-4.  There 
does  not  appear  to  be  a  strong  relationship  between  the  amount  of  water  applied 
or  treatment  and  the  soil  chemical  change.  Soil  flouride  from  applied  water  is 
fixed  near  the  soil  surface;  therefore,  it  is  not  available  to  plants  for  up- 
take. 

Chemistry  of  the  Foliage 

The  excess  mine  water  applied  to  the  vegetation  during 
sprinkling  can  deposit  dissolved  solids  on  the  leaves.  Foliar  uptake  data  are 
presented  in  Table  8.11.3-5  for  the  three  cations  of  primary  concern  which  are 
boron,  sodium,  and  flouride.  Plants  are  sensitive  to  sodium  and  boron  and  ani- 
mals can  be  harmed  by  consuming  large  quantities  of  vegetation  if  flouride  con- 
centrations are  sufficiently  high. 

Fluoride  toxicosis  was  reported  by  Shupe,  _et_.  a_l_. 
(1978)  when  western  wheatgrass  containing  60.2  ppm  was  consumed  by  livestock. 
Table  A8.11.3-1,  taken  from  Shupe  e_^.  a_l_.  (1978),  reviews  fluoride  tolerance 
levels  in  water  and  feed. 

Fluoride  toxicosis  in  domestic  and  wild  animals  can  be 
influenced  by  the  following  factors:  (1)  amount  of  fluoride  ingested;  (2)  dura- 
tion of  fluoride  ingestion  (time);  (3)  fluctuation  in  fluoride  intake  with  time 
(often  seasonal);  (4)  solubility  of  f 1 uor ide--toxici ty  usually  increases  with 
solubility;  (5)  species  of  animals  involved;  (6)  age  of  animal  at  time  of  fluo- 
ride ingestion;  (7)  general  level  of  nutri tion--malnutr it  ion  intensifies  toxic- 
ity; (8)  stress  factors;  and  (9)  individual  biologic  response  according  to 
Shupe.  The  tolerance  levels  presented  in  Table  AS. 11. 3-1  can  be  increased  under 
conditions  of  seasonal  consumption  and  mixing  with  vegetation  consumed  in  adja- 
cent areas  that  does  not  contain  fluoride. 

In  Table  8.11.3-5  only  treatments  6b  and  7c  have  fluo- 
rine concentrations  that  approach  the  toxic  tolerance  levels.  Treatment  5b 
(Table  8.11.3-5),  the  standard  random  12-hour  set-time  project  treatment,  is 
safe  according  to  the  tolerance  levels  presented  in  Table  A8.11.3-1.  The  day- 
time sprinkling  apparently  accelerated  the  fluoride  accumulation  because  treat- 
ment 6b  and  7c  levels  were  higher  in  all  three  vegetation  types  than  the  other 
random  and  night  only  treatments.  Big  sagebrush  accumulated  less  fluoride  than 
the  grasses  in  e^ery   treatment. 
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TABLE  8.11.3-5 


Average  of  Boron,  Sodium,  and  Fluoride  Concentrations  in 

Foliage  of  Indian  Ricegrass,  Western  Wheatgrass,  and 

Big  Sagebrush  on  June  5  and  December  16. 


8 

oron 

Sodium 

Fluori 

de 

Vegetat  ion 

ppm 

ppm 

ppm 

Type 

Treatment 

June  5 

Dec  16 

June  5 

) 

Dec  16 

June  5 

Dec  16 

Indian 

5b 

92.1 

29.7 

24.6 

657.0 

3.17 

10.50 

Rice  Grass 

6b 

33.4 

86.1 

13.8 

a* 

595.8 

0.37 

a 

39.^8 

7c 
8b 

81.5 

41.4 

13.6 

a 

661.5 

0.34 

a 

45.72 

Western 

5b 

60.1 

32.3 

34.2 

a 

455.1 

2.0 

a 

27.6 

Wheat  Grass 

6b 

22.8 

47.9 

94.9 

a 

517.5 

10.8 

a 

41.4 

7c 

41.9 

29.4 

45.1 

a 

713.3 

1.4 

a 

45.0 

8b 

71.4 

41.4 

37.7 

a 

444.1 

0.4 

a 

32.2 

Big  Sage 

5b 

120.8 

113.0 

40.6 

a 

663.5 

0.24 

a 

8.8 

Brush 

6b 

50.5 

106.8 

61.6 

a 

573.2 

3.0 

a 

16.4 

7c 

79.1 

138.4 

1867.0 

1099.2 

0.37 

a 

18.0 

8b 

225.4 

101.6 

60.4 

803.4 

0.00 

a 

8.56 

♦Values  having  "a"  between  them  differ  at  the  0.05  probability  level  by  the  T 
test. 
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Criteria  for  sodium  and  boron  in  vegetation  are 
focused  on  plant  toxicity.  According  to  Ehlig  and  Bernstein  (1959)  toxic  foliar 
concentrations  range  from  about  10  to  30  meq  NaCl  per  100  grams  dry  weight  for 
apricot  and  almond  trees  which  are  very  sensitive  to  Na  and  CI  and  the  rate  of 
accumulation  did  not  seem  to  alter  the  toxicity  level.  The  converted  toxicity 
level  for  sodium  is  2300  to  6900  ppm  Na.  All  the  results  for  sodium  in  Table 
8.11.3-5  are  well  below  this  toxic  range.  According  to  Richards  (1954)  boron 
concentrations  above  250  ppm  are  usually  associated  with  boron  leaf  toxicity. 
Boron  levels  presented  in  Table  8.11.3-5  are  highly  variable  yet  they  are  below 
this  toxicity  criterion.  The  highest  boron  concentrations  were  in  the  big  sage- 
brush at  the  end  of  the  season.  No  salt  damage  was  visible  during  field  obser- 
vations. 

Sodium  and  boron  toxicities  are  more  easily  monitored 
because  the  plants  will  show  visible  signs  of  damage.  Fluoride  is  more  dif- 
ficult to  trace  because  the  plant  does  not  show  symptoms  of  toxicity  at  levels 
which  may  be  toxic  to  grazing  animals.  Because  excess  fluoride  levels  are  not 
visible  in  plants  and  the  observed  levels  Are   nearing  the  maximum  limit,  par- 
ticular attention  should  be  given  to  fluoride  in  future  monitoring. 

Effects  from  the  sprinkler  irrigation  on  herbaceous 
production  and  utilization  are  discussed  in  section  8.7.2.  Effects  from  irriga- 
tion and  fertilizer  treatments  on  herbaceous  biomass  are  also  discussed  in  sec- 
tion 8.7.2.  Effects  from  the  sprinkler  irrigation  on  wildlife  are  discussed  in 
the  appropriate  sections  of  section  8.2. 

8.11.3.6  Summary  and  Conclusions 

Excess  mine  water  was  disposed  over  100  acres  of 
native  vegetation  with  minimum  disruption  of  the  environment.  Sprinkling  using 
big  gun  sprinklers  was  begun  in  mid-July  and  continued  to  mid-October  1980. 
Using  the  information  developed  during  the  1980  season  minor  system  operational 
adjustments  are  recommended  to  minimize  any  adverse  effects  on  the  environment. 

It  was  found  that  only  minor  adjustments  are  needed  in 
the  scheduling  of  irrigation  to  essentially  eliminate  deep  percolation.  A  water 
use  curve  similar  to  Figure  8.11.3-1  can  be  used  as  a  guide  for  scheduling  irri- 
gations and  estimating  the  area  necessary  for  disposing  the  excess  mine  water 
through  sprinkling.  However,  the  curve  should  be  refined  to  reflect  average 
annual  conditions  at  the  C-b  Tract. 

From  Figure  8.11.3-1  it  appears  that  it  may  be  pos- 
sible to  use  a  constant  average  application  rate  of  approximately  3.0  gpm/acre 
from  mid-April  through  September  without  creating  appreciable  deep  percolation. 
Thus  to  keep  two  sprinklers  operating  continuously  for  the  entire  period,  a  dis- 
posal area  of  approximately  150  acres  (440  gpm/3.0  gpm/ac)  is  needed. 

Soil  water  contents  should  also  be  checked  perodically 
with  the  Hydroprobe  before  and  after  an  irrigation  to  adjust  the  schedule. 
Irrigation  is  made  when  the  soil  dries  below  about  17%  (less  than  25%  available 
water).  Deep  percolation  can  be  detected  by  noting  when  water  contents  at 
maximum  depths  immediately  following  irrigation  are  above  35%.  On  the  average 
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the  available  soil  water  storage  is  about  12.0  cm,  thus  the  standard  12  hour 
irrigation  set  time  which  gives  an  application  depth  of  8.0  cm  appears  reason- 
able for  the  general  project  treatment  without  causing  any  deep  percolation. 
Constant  soil  water  content  readings  with  time  and  depth  downslope  of  the 
sprinkled  areas  indicated  that  there  was  practically  no  lateral  seepage. 

Chemical  concentration  levels  in  plant  tissues  and  in 
the  soil  were  both  below  their  respective  toxic  limit  ranges.  Hovjever,  soil 
boron  was  near  the  critical  limit  so  careful  observation  is  recommended.  Soil 
samples  should  be  taken  about  once  a  month  in  the  standard  treatment  (when  ran- 
dom day-night  12  hour  sprinkler  set  times  are   used)  throughout  the  season  to 
trace  boron  concentrations  in  the  soil. 

Irrigation  water  analysis  should  include  lists  for  Na, 
Ca,  Mg,  SO4,  HCO3,  B,  F,  CI,  TDS  (total  dissolved  salts),  EC,  and  pH  to  have 
the  needed  information  for  analyzing  the  irrigation  effects  on  the  soil  chemis- 
try. Water  samples  should  be  collected  e'^ery   two  weeks  during  the  irrigation 
season.  The  samples  should  be  taken  from  the  holding  pond  near  the  present 
pumping  plant  intake. 

Fluoride  levels  in  the  tissues  of  some  species  of 
plants  are  approaching  levels  which  would  be  considered  toxic  to  animals  consum- 
ing them  as  the  continuea  and  main  source  of  feed.  However,  this  would  not  be 
the  case  for  animals  migrating  in  and  out  of  the  sprinkled  area  and/or  consuming 
a  variety  of  plant  species.  Foliar  fluoride  concentrations  should  also  be 
measured  monthly  in  the  standard  treatment  area  as  levels  which  may  be  toxic  to 
grazing  animals  do  not  affect  the  plants  so  are  not  visible  as  in  the  cases  of 
boron  and  sodium. 
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9.0  ITEMS  OF  AESTHETIC,  HISTORIC,  OR  SCIENTIFIC  INTEREST 

9.1  Aesthetic  Values 

The  C-b  Annual  Summary  and  Trends  Report  (November  '74  through  October 
'75)  described  a  study  which  determined  the  type  and  quality  of  scenic  resources 
in  the  Tract  area.  It  was  concluded  that  the  Piceance  Creek  Basin  has  a  low 
scenic  value  when  compared  to  the  other  landscape  types  of  the  region. 
Restated,  on  a  regional  basis  the  Piceance  Creek  Basin  has  an  extremely  low 
visual  character.  However,  a  concerted  effort  has  been  made  to  paint  and  locate 
new  structures  to  reduce  any  adverse  aesthetic  impact. 

9.2  Historic  and  Scientific  Values 

A  detailed  baseline  study  of  the  cultural  resources  of  Tract  C-b  has 
been  conducted  to  identify  sites  of  past  human  activity.  (See  Volume  1  of  the 
Final  Report  of  the  Environmental  Baseline  Program.)  Three  historic  sites  exist 
on  the  Tract,  (5RB136,  5RB146,  and5RB147)  and  have  been  reported  therein.  Every 
site  of  disturbance  is  thoroughly  investigated  by  the  on-site  environmental 
manager  for  historic  or  scientific  value.  Additional  disturbance  in  1980  was 
minimal  and  no  additional  discoveries  were  found. 
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10.0  INDUSTRIAL  HEALTH,  SAFETY  AND  SECURITY 

10.1  Scope  and  Rationale 

The  health  and  safety  of  employees  at  the  Cathedral  Bluffs 
project  is  regulated  according  to  30  CFR,  Part  57,  by  the  Mine  Safety  and 
Health  Administration  under  the  Mine  Safety  and  Health  Amendments  Act  of 
1977.   In  addition,  the  project  is  regulated  by  the  Colorado  State  Division 
of  Mines. 

Periodic  reports  on  Health  and  Safety  Activities  dre   forwarded 
to  the  Oil  Shale  Supervisor.  Such  reports  are   those  prepared  by  the  C.B. 
Project  and  all  contractors  for  distribution  to  outside  Federal  and  State 
agencies,  i.e..  Mine  Safety  and  Health  Administration  (MSHA)  and  the 
Colorado  Division  of  Mines  and  inspection  reports  made  by  these  agencies 
and  received  by  the  Project  and  all  contractors  at  the  C.B.  site.  These 
reports  relate  to  accident  frequency  analyses,  inspection  reports  and 
responses,  health  and  safety  training,  variance  reporting,  and  shaft  gas 
analysis.  Inasmuch  as  accident  frequency  analysis  and  shaft  gas  analysis 
relate  to  monitoring,  they  are  discussed  below. 

10 .2  Accident  Frequency  Analysis 

Table  10.2-1  presents  monthly  data  on  nanhours,  reported 
accidents  (RA),  lost-time  accidents  (LTA)  and  incident  rate  (IR)  for  on-site 
C.B.  staff  and  contractor  personnel. 

Incident  rate  is  defined  as: 

Number  of  Accidents  x  200,000 
Hours  of  Employee  Exposure 

The  total  manhours  and  accident  frequency  rate  for  the  year 
1980  at  C-D  Tract  are   as  follows: 

Reportable    Lost  Time    Incident 
Manhours    Accidents    Accidents     Rate 


C.B  182,617.5       3  2        3.29 

Contractors    601,253        17  13        5.65 

TOTAL     783,870.5      20  15        5.10  (1.91  for  1979) 

10.3  Shaft  Gas  Analysis 

Weekly  average  values  of  methane  (percent)  as  measured  at  the 
collars  of  the  Ventilation/Escape  and  Production/Service  Shafts  are 
presented  in  Table  10.3-1.  Maximum  weekly  average  value  (0.158  percent)  to 
date  occurred  in  the  V/E  Shaft  during  the  week  of  November  20-26.  Maximum 
weekly  average  in  the  Production/Service  Shafts  has  been  0.015  percent 
(Decem,ber  25-30  and  September  18-24). 
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TABLE  10.3-1 
Weekly  Average  Methane  Readings  at  Shaft  Collars  for  1980  {%) 


nate 

V/E  Shaft 

Production/Service 

Shaft 

3/20/80  -  3/26/80 

.028% 

0% 

3/27/80  -  4/02/80 

.037 

0 

4/03/80  -  4/09/80 

0 

0 

4/10/80  -  4/15/80 

.017 

0 

4/17/80  -  4/23/80 

0 

0 

4/24/80  -  4/30/80 

0 

0 

5/01/80  -  5/07/80 

0 

0 

5/08/80  -  5/14/80 

0 

0 

5/15/80  -  5/21/80 

.004 

0 

5/22/80  -  5/29/80 

.010 

0 

5/29/80  -  6/04/80 

0 

c 

6/05/80  -  6/11/80 

0 

0 

6/12/80  -  6/18/80 

.009 

0 

6/19/80  -  6/25/80 

0 

0 

6/26/80  -  7/02/80 

0 

0 

7/03/80  -  7/09/80 

0 

0 

7/10/80  -  7/16/80 

.003 

0 

7/17/80  -  7/23/80 

.017 

0 

7/24/80  -  7/30/80 

.014 

0 

7/31/80  -  8/06/80 

.023 

.004 

8/07/80  -  8/13/80 

.023 

.006 

8/14/80  -  8/20/80 

.054 

0 

8/21/80  -  8/27/80 

.040 

.006 

8/28/80  -  9/03/80 

.039 

0 

9/04/80  -  9/10/80 

.044 

0 

9/11/80  -  9/17/80 

.038 

0 

9/18/80  -  9/24/80 

.024 

.015 

9/25/80  -  10/01/80 

.054 

0 

10/02/80  -  10/08/80 

.107 

0 

10/09/80  -  10/15/80 

.093 

0 

10/16/80  -  10/22/80 

.061 

0 

10/23/80  -  10/29/80 

.058 

0 

10/30/80  -  11/05/80 

.059 

0 

11/06/80  -  11/12/80 

.088 

0 

11/13/80  -  11/19/80 

.120 

0 

11/20/80  -  11/26/80 

.158 

0 

11/27/80  -  12/03/80 

.124 

.008 

12/04/80  -  12/10/80 

.148 

.004 

12/11/80  -  12/17/80 

.118 

0 

12/18/80  -  12/24/80 

.087 

0 

12/25/80  -  12/31/80 

.092 

.015 

34b 


J^6 


11.0  SUBSIDENCE  MONITORING 

The  overall  objective  of  the  subsidence  monitoring  program  is  to  determine 
the  effects  of  underground  excavations  on  the  ground  surface  and  on  in-situ 
mining  levels. 

The  surface  and  underground  subsidence  caused  by  mining  activities  cannot 
start  until  significant  underground  development  out  from  the  shaft  pillar  areas 
occurs. 
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12.0     ECOSYSTEM   INTERRELATIONSHIPS 

12.1  Introduction  and  Scope 

Indicator  variables  for  Development  ,^nitoring  are  given  in  the 
Development  Monitoring  Plan,  Also  listed  are  perturbations  that  affect  the 
magnitude  of  these  variables  and  the  environmental  consequences  (or  impacts) 
of  these  perturbations.  Examples  of  perturbations  include  mining,  retorting, 
shale  disposal,  waste  disposal,  etc.  Environmental  consequences  may  affect 
other  indicator  variables;  such  relations  of  indicator  variables  with  other 
indicator  variables  are  to  be  analyzed  and  called  ecosystem  interrelationships. 

Ecosystem  interrelationships  are  not  monitored  or  measured 
directly.  They  are  inferred  from  three  principal  techniques:  (1)  expert 
judgment  resulting  from  baseline  observations  of  two  or  more  variables;  (2) 
correlative  statistics;  and  (3)  predictive  ecosystem  modeling.  Aspects  of  all 
three  have  been  gleaned  from  the  baseline  studies  and  reported  in  Volume  5, 
System  Interrelationships,  Environmental  Baseline  Program  Final  Report  and  its 
Appendix  F,  User's  Reference  Diagrams  (1977). 

With  regard  to  the  comprehensive  "effects  matrix"  so-called  effect 
generators  (driving  variables,  perturbations,  state  variables)  are  listed  across 
the  top  (matrix  columns)  and  effect  receptors  (abiotic  and  biotic  components 
and  processes)  are  listed  at  the  side  as  matrix  rows.  Entries  in  the  matrix 
are  the  following  interrelationships:  direct  effects,  indirect  effects,  both 
direct  and  indirect,  and  effects  of  particular  concern.  Fifty-four  updated 
effects  of  particular  concern  have  been  transposed  to  Table  12.1-1  where  they 
are  identified  with  an  "X". 

The  interrelationships  of  Table  12.1-1  and  others  defined  as  new 
monitoring  results  will  be  analyzed  in  the  future  and  subjected  to  correlative 
statistical  techniques  as  a  means  of  defining  those  interrelationships  of  major 
concern.  Subsequent  monitoring  can  then  concentrate  on  these  interrelation- 
ships. 

12.2  Candidate  Interrelationships 

The  above  considerations  provided  insights  into  specific  interrela- 
tionship candidates  for  early  study.  The  screening  consisted  of  three  phases: 
(1)  qualitative,  (2)  initial  quantitative,  and  (3)  refined  quantitative  . 

The  qualitative  phase  consists  of  identifying  the  dependent  vari- 
able(s),  all  major  independent  variables,  and  both  natural  and  man-induced 
perturbations.  Gaps  in  the  data  preclude  complete  quantitative  analysis. 
However,  a  purpose  is  served  in  that  it  points  the  way  to  future  increased 
sampling  rigor  and  uniformity.  Then,  provided  the  data  are  deemed  complete 
enough,  quantitative  analyses  are   attempted.  Refined  quantitative  analyses  may 
be  undertaken  in  future  years. 

At  this  writing  two  candidates  have  passed  the  qualitative  screen 
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dnd  initial  quantitative  analysis  attempted.  These  are: 

(1)  The  relationship  between  climatic  variations  and  annual  herbaceous 
production. 

(2)  The  relationship  between  traffic  on  Piceance  Creek  Roaa,  deer  population, 

and  deer  road-k  ill. 

Other  interrelationships  subjectea  to  qualitative  stuay  included: 

(3)  The  relationship  between  herbivore  density  and  shrub  utilization. 

(4)  The  relationships  between  shrub  production,  utilization,  deer  migration, 

age/sex  ratios,  pellet  groups,  and  climate,  with  respect  to  deer 
mortal i  ty. 

Increased  sampling  rigor  and/or  uniformity  may  be  attempted  to  enhance  the 
possibility  of  quantitative  results  in  the  future. 

These  four  near-term  interrelationships  are  discussed  in  the 
following  paragraphs. 

12.3  Specific  Near-Term  Interrelationships 

12.3.1  Effects  of  Climatic  Variations  on  Vegetative  Productivity 

12.3.1.1  Scope 

It  is  expected  that  vegetative  productivity 
increases  with  increasing  precipitation  and  increased  length  of  the  growing 
season.  Specific  precipitation  measures  are: 

(1)  Total  annual  precipitation  of  ttie  current  year. 

(2)  Total  annual  precipitation  of  the  previous  year,  especially  late  season 
precipi  tat  ion, 

(3)  Total  annual  precipitation  of  the  previous  growing  season  -  from  April 
through  March. 

(4)  Precipitation  temporal  distribution  during  the  growing  season  over: 

(a)  March  -  April  -  May  or 

(b)  Apri 1  -  May  -  June,  or 

(c)  May  -  June  -  July. 

(5)  Abnormal  rates  of  precipitation. 

Growing-Season  canaiaate  variables  include: 

(1)  length  of  the  growing  season, 

(2)  total  degree-days  during  the  growing  season, 

(3)  degree-day  temporal  distribution  over: 

(a)  Apri 1  -  May  -  June 

(b)  May  -  June  -  July 

(c)  June  -  July  -  August 

(d)  July  -  August  -  September 

(e)  over  the  growing  season. 

12.3.1.2  Objectives 

The  objective  in  studying  interrelationships  is 
to  assess  the  interaction  between  vegetation  productivity,  amounts  and  timing  of 
precipitation,  and  length  of  growing  season. 
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12.3.1.3  Experimental  Design  and  Method  of  Analysis 

It  is  difficult  to  obtain  a  highly  accurate  total 
of  annual  precipitation  in  a  harsh,  remote  area  at  any  one  site,  as  an  accumula- 
tion over  a  monthly  or  more  frequent  period.  Often  because  of  equipment  mal- 
function a  monthly  value  may  be  missing  from  the  data  set,  such  that  an  annual 
total  from  that  station  is  not  possible.  The  reader  is  referred  to  Section 
6.3.1,  wherein  numerous  between-station  monthly  precipitation  regressions  have 
been  undertaken,  e.g.,  between  Station  AB23  and  microclimate  stations  and 
between  Little  Hills  and  AB23.  From  such  regressions  missing  monthly 
precipitation  values  have  been  estimated  so  that  annual  totals  can  be  derived. 
Annual  totals  agree  reasonably  with  regional  precipitation  isohyets  (Section 
6.3.1).  It  should  be  further  noted  that  precipitation  in  the  vicinity  of  the 
Tract  is  spatially  variable,  particularly  with  elevation.  Therefore  the  above 
qualitative  suggestions  on  precipitation  might  consider  not  only  precipitation 
at  the  meteorological  tower  (Station  AB23)  but  at  each  of  the  respective 
microclimate  stations  from  which  vegetative  productivity  is  potentially  being 
correlated. 

The  following  tables  of  6.3.1  and  associated 
appendix  are  useful  here  in  this  analysis: 

Table  or  Figure  Item  Station 

Table  6.3.1-3        Total  Precipitation  AB23,  AB20,  WU70 

3  month  moving  average  AB23,  AB20, 

precipitation  microclimate  stations 

Peak  ppt  events  AB23,  AB20 

Figure  6.3.1-3        Monthly  ppt  histograms  A323,  AB20 

with  growing  season 
superposed 

This  year's  herbaceous  productivity  sites  selected  for  analysis  were: 
BJ12  -  Chained  Pinyon-Juniper  (Control  Site) 
BJ15  -  Pinyon-Juniper  Woodland  (Future  Development  and  Present  Control) 

All  site  locations  are  shown  on  Exhibit  C  (found  in  the  cover  jacket). 

12.3.1.4  Discussion  and  Results 

Productivity  values  are  presented  on  Table 
8.7.2-1  and  repeated  here  in  Table  12.3.1-1.  Also  tabulated  are  the  independent 
variables  for  potential  correlation:  total  calendar  precipitation  and  growing- 
season  to  growing-season  precipitation  of  the  previous  year,  3  month 
precipitation  during  the  growing  season  at  Station  AB23  (meteorological  tower) 
and  at  the  microclimate  station  where  productivity  was  measured,  length  of  the 
growing  season,  and  calendar  year.  A  simple  tabular  approach  was  utilized 
whereby  for  each  of  the  five  years  since  Baseline  productivity  was  ranked  from 
highest  to  lowest  ( 1  to  6  respectively)  as  were  each  of  the  remaining 
independent  variables  as  indicated  in  the  table. 
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Degree-days  did  not  correlate  positively  and  are 
not  shown.  Quantities  which  rank-correlated  best  with  productivity  are 
precipitation  during  Apri 1 -May-June  of  the  current  year  and  during  the  previous 
growing  season  year  (the  year  beginning  in  April  and  ending  in  March). 
Productivity  as  a  function  of  Spring  and  total  precipitation  parameters  is 
shown  on  Figures  12.3.1-la  and  lb  with  a  least  squares  regression  line  for 
each.  All  correlations  were  positive.  The  highest  correlation  coefficients 
were  achieved  for  the  previous  growing  season  precipitation  measured  at  the 
sites  (BJ12  and  BJ15)  for  which  productivity  was  measured.  High  correlations 
were  also  achieved  for  Spring  precipitation  measured  at  the  productivity  sites. 
Some  monthly  precipitation  values  were  estimated  at  these  stations.  On  the 
basis  of  the  slope  of  the  regression  line,  chained  pinyon-juniper  productivity 
is  most  sensitive  to  growing-season  rainfall  at  the  site;  when  referenced  to 
rainfall  at  the  meteorological  tower  this  value  was  significantly  reduced. 

12.3.1.5  Conclusions 

1.  Climatic  parameters  which  correlated  best  with  vegetative  productivity 
were  precipitation  during  the  previous  growing  season  year  (from  April 
through  March)  and  Spring  precipitation  of  the  current  year. 

2.  Chained  pinyon  juniper  productivity  was  the  most  sensitive  to  growing 
season  rainfall. 

12.3.2  Effects  of  Deer  Road  Count  and  Traffic  on  Deer  Road-Kill 

12.3.2.1  Scope  and  Rationale 

The  specific  factors  assumed  to  influence  total 
deer  road-kill  include  traffic  along  various  segments  of  Piceance  Creek  Road  and 
weekly  deer  count.  Interrelationships  determined  among  these  variables  will  be 
used  in  the  formulation  of  mitigative  measures  to  reduce  road-kill.  Annual 
monitoring  began  in  mid-September  and  ended  in  May  when  deer  migrated  to  the 
highlands. 

12.3.2.2  Objectives 

The  objectives  of  this  study  are  to  evaluate  the 
interrelationships  of  traffic   load,  mitigative  measures,   time  of  year,   and  deer 
population  on  deer  road-kill;   and  to   use   information   gained   from  study  and 
analyses  to  formulate  possible  mitigative  measures. 

12.3.2.3  Experimental   Design 

Weekly  samplings  of  deer  road  count   and  road-kill 
are  obtained  each  year  beginning   in  mid-September  and  continued  through  May. 
Tabulations   are  made  for  one  mile  intervals  along  the  41-mile  stretch  of 
Piceance  Creek  Road  between  Rio  Blanco  and  White  River  City  (Highway  64).     Deer 
road-kill   reports   include  sex  of  the  deer  killed,   estimated   age  and  marrow 
condition.     Traffic  counters   are  placed   across  Piceance  Creek  Road  near  Rio 
Blanco   and  White  River  City.     Counters   are   also  placed   at   the   access  road 
entrances   to  the  C-b   and  C-a  Tracts,   and   across  Piceance  Creek   Road  between  the 
access  roads.     A  count  of   incoming  vehicles   (excluding  buses)    is  kept  at  the  C-b 
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guard  gate.  In  1980,  the  hose  traffic  counters  were  replaced  by  magnetic  loop 
counters,  which  provide  better  estimates  of  total  traffic  on  Piceance  Creek 
Road. 

Passenger  buses  operate  round  trips  for  all  work 
shifts  between  Rifle  and  the  C-b  Tract  and  between  Meeker  and  the  C-b  Tract. 
Daily  records  of  the  number  of  passengers  and  number  of  bus  trips  are  kept. 

12.3.2.4  Method  of  Analysis 

Data  used  in  this  study  are  from  records 
beginning  September  25,  1978  and  ending  December  31,  1980.  Data  were  grouped 
and  averaged  to  correspond  with  the  weekly  deer-kill  records.  Variables  were 
examined  for  potential  interrelationships  utilizing  computer  programs  for 
multiple  linear  regression.  These  programs  provided  analyses  for  evaluating 
statistical  significance  of  interrelationships. 

12.3.2.5  Discussion  and  Results 

Table  12.3.2-1  is  a  summary  of  the  correlations 
between  deer  road-kill  and  traffic  and  between  deer  road-kill  and  deer  count. 
For  data  from  September  1978  through  December  1980,  deer  road-kill  was 
correlated  with  deer  count,  although  the  regression  slope  was  near  zero. 
Adding  vehicle  count  to  the  regression  equation  produced  no  reliable  model  at 
the  0.05  level  of  significance. 

Data  from  the  period  of  September  1979  through 
May  1980  produced  no  reliable  model  to  relate  deer  road-kill  with  either  deer 
count  or  deer  count  and  vehicle  count  together. 

Restricting  the  data  set  to  the  period  from 
September  1980  through  December  1980  provided  a  significant  model  relating 
deer  road-kill  and  vehicle  count.  Adding  the  deer  count  to  the  regression 
produced  no  reliable  model  at  the  0.05  level  of  significance. 

12.3.2.6  Conclusion 

Based  on  the  available  data,  deer  count  was  the 
only  variable  with  a  significant  relationship  to  deer  road-kill  over  all  data 
from  September  1978  through  December  1980. 

Deer  road-kill  for  the  time  period  September 
through  December  1980  showed  a  significant  relationship  with  vehicle  road- 
count.  The  latter  relationship  implies  that  reduction  in  traffic  by  providing 
bus  transportation  would  result  in  fewer  road-kills  during  certain  times  of 
year. 

12.3.3  The  Effects  of  Herbivore  Density  on  Shrub  Utilization 

The  degree  to  which  shrub  production  and  utilization  studies 
provide  corroborative  support  to  pellet  group  studies  is  of  considerable  impor- 
tance, as  both  studies  are  used  to  monitor  changes  in  the  local  deer  herd. 
Altnough  a  one-to-one  correspondence  at  all  sites  across  the  entire  study  area 
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TABLE  12.3.2-1 
Summary  of  Correlation  Analysis  Between  Deer  Road-Kill  and  Traffic 
and  Between  Deer  Road-Kill  and  Deer  Count  For  Different  Time  Periods 


Independent 
Variable(s) 


Time  Period 


Model 


Intercept**   Slope 


***! 


X,  Deer  Count 


9/78  -  12/80 


0.0334 


0.38 


2.32 


0.004 


4 

Deer  Count  & 
Vehicle  Count 

9/78  - 

12/80 

0.1098 

0.38 

No  Reliable 

Model 

^1 

1 

Deer  Count 

9/79  - 

5/80 

0.2396 

0.26 

No  Reliable 

Model 

4 

Deer  Count  & 
Vehicle  Count 

9/79  - 

5/80 

0.3918 

0.37  ^ 

No  Reliable 

Model 

i 

1 

Vehicle  Count 

9/80  - 

12/80 

0.0396 

0.80 

-10.50 

0.032 

j 

4 

Deer  Count  & 
Vehicle  Count 

9/80  - 

12/80 

0.1374 

0.86 

No  Reliable 

i 
Model 

*  a  less  than  0.05  indicates  a  significant  correlation, 
**  Units  are  Deer  Road  Kill. 
***  Units  are  Deer  Road  Kill/Deer  or  Vehicle  Count. 
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is  not  expected,  a  degree  of  correspondence  is  desirable  since  it  strengthens 
conclusions  regarding  the  causes  of  changes  in  deer  herd  numbers  at  highly  lo- 
calized areas  of  interest. 

12.3.3.1  Objectives 

The  objectives  of  this  study  are  to  evaluate  the 
Interrelationships  between  herbivore  density  and  shrub  (browse)  utilization,  and 
to  use  information  gained  from  this  study  to  formulate  possible  mitigative 
measures. 

12.3.3.2  Discussion  of  Qualitative  Analyses 

Insufficient  data  preclude  the  quantitative  analysis 
of  this  interrelationship  at  the  current  time.  A  qualitative  evaluation  of  pro- 
duction/utilization and  pellet  group  density  data  is  considered  appropriate 
until  data  are  available  to  perform  statistical  analyses. 

The  herbivores  that  contribute  the  most  to  shrub 
utilization  are  cattle,  deer,  and  lagomorphs.  Relative  information  on  cattle 
densities  is  provided  by  the  Bureau  of  Land  Management  (BLM)  in  the  form  of 
allotment  management  data.  The  number  of  cattle  grazing  on-Tract  increased 
slightly  this  year  over  the  previous  four  years  but  remains  so  low  that  the 
effect  of  cattle  density  on  Tract  shrub  utilization  must  be  considered 
n  eg  1  i  g  i  b  1  e . 

The  experimental  design  of  the  browse  production  and 
utilization  studies  (Section  8.2.2)  is  nearly  identical  to  that  of  the  pellet 
group  density  studies  in  that  the  same  BA-designated  transects  are  used  in  each 
case.  Deer  and  lagomorph  pellet  group  studies  have  been  previously  conductea  on 
a  yearly  basis  as  part  of  the  Project  wildlife  program  (see  Sections  8.2.1  and 
8.3.2,  respectively).  However,  a  modification  in  experimental  design  of  the 
lagomorph  studies  during  1980  allows  only  tabulations  of  data  from  which  no  con- 
clusions with  regard  to  baseline  can  be  drawn.  Results  of  pellet  group  density 
studies  ana  of  the  production  and  utilization  studies  were  provided  in 
Chapter  8. 

12.3.3.3  Conclusions 

General  conclusions  which  can  be  reached  at  this  time 
are: 

1)  Little  if  any  correlation  appears  to  exist  in  the  pattern  of  pellet  group 
distributions  between  years.  One  possible  reason  for  this  lack  of  correlation 
was  the  shift  toward  the  pinyon-juniper  habitat  during  the  harsh  winter  in 
1978-79. 

2)  The  combined  average  for  all  aeer  pellet  groups  for  1979-80  was  402  pellet 
groups/acre,  a  66  percent  increase  relative  to  the  average  of  242  pellet 
groups/acre  for  1978-79. 
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12.3.4  Effects  of  Shrub  Production,  Utilization,  Deer  Migration, 

Age/Sex  Ratios,  Pellet  Groups,  and  Climate  Upon  Deer 
Mortal ity 

Deer  Mortality  (dependent  variable)  is  influenced  by  many  vari- 
ables, but  the  most  important  ones  are  thought  to  be  shrub  production  and  utili- 
zation, deer  migration,  age/sex  ratios,  pellet  groups,  and  climate. 

12.3.4.1  Objectives 

The  objectives  of  this  study  are:  to  evaluate  the 
interrelationships  between  deer  mortality  and  variables  listed  above,  to  use  in- 
formation gained  from  this  study  to  formulate  possible  mitigation  measures,  and 
to  use  interrelationship  information  to  detect  degree  of  developmental  effects 
on  aeer  irxDrtality  of  various  variables. 

12.3.4.2  Discussion  of  Qualitative  Analysis 

Quantitative  analyses  are  not  possible  at  this  time 
because  of  insufficient  data,  therefore  analyses  are  qualitative.  The  study  of 
interrelationships  is  valuable,  but  meaningful  statistical  analyses  will  not  be 
possible  until  more  data  are  collected. 

Deer  mortality  data  are  collected  on  ten  permanent 
study  sites  located  in  sagebrush  draws  just  north  of  the  C-b  Tract.  These  sites 
were  chosen  after  previous  sampling  showed  the  sites  to  be  the  primary  winter 
habitat  for  deer  associated  with  the  C-b  Tract.  Also,  deer  mortality  was 
greater  in  this  area  than  in  any  other  habitat.  Deer  mortality  data  have  been 
collected  since  the  1977-1978  sample  year  (two  sample  periods)  in  the  spring 
following  winter  die-off  and  migration  to  higher  elevations. 

12.3.5  Conclusions 

General    conclusions  which   can  be  reached   at   this   time  are: 

1)  Comparisons   of  deer  mortality  data   in   1978-79   to  1979-80  data  show  a 

57  percent    increase  of  deer  carcasses   found    in  the  1979-80   sampling   period. 

2)  Habitat   selection  by  mule  deer   shifted   towards  the  pinyon-juni per  habitat 
and   away  from  the  chained  pinyon-juni per   habitat   type   in   the  1978-79   and 
1979-80  sampling    periods. 

3)  Pellet   group  data  showed   a  65  percent    increase   from  1978-79  data  to 
1979-80  data. 

4)  Browse  Production   and   utilization   remained   approximately  the  same  as 
during   1979-80. 
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13.0  NOTES 

13.1  Conversion  Factors 

An  attempt  has  been  made  to  report  all  studies  and  data  in  metric 
units*.  In  most  cases  these  data  are  collected  and  initially  tabulated  in 
English  units  and  a  few  analyses  were  carried  out  with  English  units.  Table 
13.1-1  contains  conversion  factors  for  converting  from  English  to  metric  units. 
Conversion  from  metric  to  English  units  can  be  made  by  dividing  by  the  factor  or 
by  multiplying  by  its  reciprocal. 

Table  13.1-2  presents  additional  conversion  factors  useful  with 
Interpretation  of  data  reported  herein. 

13.2  Literature  Cited 

Table  13.2-1  is  a  bibliography  of  literature  cited  in  the  text. 
Reference  in  the  text  is  by  author  or  title. 


*  Hydrology  is  one  exception 
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TABLE  13.1-1 

TABLE  OF  CONVERSION  FACTORS 

To  Convert  From To Multiply  By 

acres f t2    4 .  3560  x  1 04 

acres hectares 0.404687 

atmospheres  dynes/cm2  1.01 325  x  10^ 

atmospheres  bars  1,01 325 

atmospheres mm  Hq 760 

atmospheres  newtons/m^  1.01 325  x  10^ 

atmospheres Ibs/ft2    2116.32 

bars  atmospheres  0 .98692 

bars mb 1000.00 

bars newtons/m2 1 0^ 

BTU   (British  Thermal   Units)...    gm.   cal 252. 

cfm liters/sec 0.4720 

cfs gpm 448.831 

cfs m3/s 0  028317 

degrees  Fahrenheit degrees  Kelvin (°F-32)*(5/9)+273 

degrees  Fahrenheit degrees  Centigrade...  (°F-32)*(5/9) 

degrees  radians  0.01 7453 

feet meters 0.3048 

ft2 meters2 0.092903 

ft^/min m3/sec 0.000472 

ft3 gals 7.481 

ft^ m3 0.028317 

gals m3 0.0037854 

gals liters 3.7853 

gals/min m3/sec. 0.00006309 

gals/min liters/sec. 0.069088 

grains  grams  0.064798918  _. 

grains pounds 1.42857  x  10~ 

hectares m2 10'^ 

inches cm  2.5400 

inch3 cm3 16.3872 

langleys  cal/cm2/min  1.000 

miles  kilometers  1.60935 

mph mps 0.44703 

pounds  ki lograms  0 .45359 

pounds/acre kg/ha • 1.12173 

pounds/acre gms/m2 0.112173 

pounds/hour  grams/sec.   0.1260 

pounds/inch2  atmospheres  0.068046 

pounds/inch2  mb  63.947 

radians  degrees  57.29578 

rods  meters 5 .0292 

SCFM  (Standard  Cubic  Ft/Min)..  ACFM   (Actual    cubic  ...  (    Ka/°Ks)(Ps  mb/Pa  mb) 

ft/mi n 

ton   (short)   kilograms  907.185 
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TABLE  13.1-2 

ADDITIONAL  CONVERSION  FACTORS 
MULTIPLES  AND  SUBMULTIPLES  OF  UNITS 


Factor  by  Which 
Unit  is  Multiplied 

10l2 

109 

10^ 

103 

102 

10-^ 
10-2 
10-3 

10-^ 

10-9 


10 


-12 


10-15 


Prefix 

tera 

giga 

mega 

kilo 

hecto 

deka 

deci 

centi 

mi  1 1  i 

micro 

nano 

pi  CO 

femto 


Symbol 


T 

G 

m 

k 

h 

da 

d 

c 

m 

u 
n 

P 
f 


CONVERSION   FACTORS  FOR  GASES 


Molecular 
Weight  (MW) 

46  c  01 
30o01 
46.01 
64c06 
34o08 

16,01 
28.01 
48o00 


To 

Convert 

;  yg/m"^  at  25^0 

and  760 

mmHg  to  ppb 

Pollutant 

Multi 

ply  by  Factor 

NOx  as  NO2 

.532 

NO 

,815 

N02=N0x  -NO 

o532 

SOo 

,382 

H2S 

.718 

THC 

1,530 

CH4 

1.525 

CO 

.873 

03 

,510 

Equation; 


22,414 


298 
273 


=   Factor 
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